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AN INVESTIGATION OF THE POLLUTION OF TIDAL 
WATERS OF MARYLAND AND VIRGINIA. 


By Huex 8. Cumminae, 
Surgeon, U.S. Public Health Service. 


INTRODUCTION. 


Under authority of the act of Congress approved August 14, 1912, 
which among other things provided for investigations of the pollution 
of navigable waters, and following a request made by the authorities 
of Maryland, Virginia, and the District of Columbia, the Public 
Health Service began in June, 1913, a study of the Potomac River 
and its watershed. This investigation was continued for about a 
year and included a study of the pollution and self-purification of 
the Potomac River with special reference to the sanitary condition 
of the shellfish beds in the river and its tributaries. The results of 
these investigations are reported in Hygienic Laboratory Bulletin, 
No. 104, 1916. 

With the approval of the department, the scope of these studies 
was extended on February 11, 1914, and the officer in charge of the 
Potomac River investigation was detailed to take charge of the new 
work. His studies were to have for their object the determination 
of the state of tidal water pollution and its effects on the public 
health, and were to include sanitary surveys of watersheds and a 
laboratory examination of water, mud, and shellfish. The studies 
were to begin at the mouth of the Potomac River and extend north 
and south, so as to include especially all navigable tidal waters of 
Maryland and Virginia in which shellfish or other sea products are 
grown for human consumption. The steamer W. D. Bratton was 
used for the collection of samples and for laboratory purposes. In 
September, Sanitary Chemist W. F. Wells who with Sanitary Bac- 
teriologist H. V. Stewart assisted the officer in charge of the investi- 
gation, was detached from the vessel and placed in charge of an 
experimental field laboratory at the United States Quarantine Sta- 
tion at Fisherman’s Island, located just south of Cape Charles at the 
entrance of Chesapeake Bay.t A report of the results obtained at 
this station will be published subsequently. It will deal with the 
best methods for determining the presence of infectious organisms 


1See map 2. 
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in the shellfish, the influence of environment, temperature, and other : 
factors upon such infection, and the time necessary for infection 
when the shellfish are submersed in polluted water, or for the removal 
of infection when they are placed in nonpolluted water. 

In outlining a plan for the present investigation, two methods 
presented themselves as alternatives. A single locality might be 
selected because of the magnitude of its shellfish industry and prob- 
able danger of infection and the energies of the entire party concen- | 
trated there throughout the year to the exclusion of all other sections; 
or an attempt might be made to make as exhaustive a preliminary 
survey as practicable of all parts of the area, in this way locating the 
most dangerous points and thus eliminating the danger of the spread 
of disease by notification to the proper authorities. The latter 
course was adopted, it is now believed wisely; and while no attempt 
has been made to secure samples of shellfish from every bed in the 
Chesapeake Bay and its many tributary waters, nor to make a com- 
plete sanitary survey of every community, no locality of importance 
has been overlooked. The results in detail are recorded in a table 
at the end of this report.. When evidences of dangerous pollution 
were found, the proper Federal and State authorities were notified. 

The opinion seemed to be general among oyster planters and oyster 
men consulted with during the investigation that a thorough and 
impartial survey would safeguard the oyster industry by directing 
attention to the few points of danger which do exist and by relieving 
_ other sections from unjust suspicion. 

The State and local authorities in both Maryland and Virginia 
rendered valuable assistance and cooperated cordially in the work. 
It is desired to acknowledge here especially the help given by 
Dr. Ennion G. Williams, commissioner of health of Virginia, Dr. John 
S. Fulton, commissioner of health of Maryland, Mr. B. L. Purcell, 
commissioner of the dairy and food division of Virginia, and Inspector 
G. W. Taylor of the same division. Commissioner of Fisheries John 
Parsons, of Virginia, and the Shellfish Commission of Maryland 
assisted by furnishing maps and other information; and the local 
oyster inspectors, whenever requested to do so, cooperated cordially. 

The governor of Virginia also has taken a personal interest in the 
progress of the investigation. As a result active measures were 
adopted this year by the State looking toward the prevention of the 
taking of oysters from areas reported by this service as being polluted. 
Such areas are now guarded by vessels detailed for the purpose by 
the Commissioner of Fisheries. 

The great value of the investigation is being shown by the agree- 
ment made by the authorities of Virginia with officers of other States 
to accept the certificates as to purity of oysters given, by the increased 
market for oysters, and above all by the interest which has been 
aroused in securing for the State the adoption of laws regulating the 
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pollution of its waters and thus protecting its shellfish industries and 
water supply. 


EQUIPMENT AND TECHNIQUE. 


The service steamer W. D. Bratton was equipped and used as a 
floating laboratory. Its equipment included one large 20° and one 
large 37° Hearson, oil-heated incubator, which worked admirably 
even under the most adverse conditions of heavy seas and varying 
temperature; an autoclave with steam supplied from the vessel’s 
main boiler; and a large stock of glassware and other apparatus 
_ essential for the work. The Barthel type of alcohol burner was found 
to be quite as efficient as a gas-burning Bunsen burner for use in 
sterilizing loops, oyster knives, and the outside of the oyster shells. 
Samples.—Surface samples of water were collected in glass- 
stoppered bottles previously sterilized in their paper wrappers. For 
the collection of many of the deep samples vacuum tubes were used. 
_ Samples of oysters were collected with tongs, or when practicable 
with a small hand dredge worked from the steamer Bratton. In 
shallow water small boats were used, and an officer invariably accom- 
_ panied the collecting party. Notes were made at the time of collec- 
_ tion upon cards such as is shown below: 
U.S. PUBLIC HEALTH SERVICE. 
OYSTER CARD. 


INVESTIGATION POLLUTION OF COASTAL WATERS. 


Sample number Date collected Hour a. m1., p.m. 
Source: 
Wind: Weather: Tide 
Current flow 
Depth collected Temperature of water 
Turbidity Chlorine Diss. Oxy. Nitrites Nitrates 


Ditto Incubated 


No. of Colonies on— B. COLI TESTS BY— 
en a et a 
Agar 37°, 24 hrs. | Agar 20°, 48 hrs. LACTOSE BILE. LACTOSE BROTH. 
°) ro) 
Amount.|} Count. | Amount.| Count. || Dilution. $ 8 
op) RD 
, eee het fs mehald@ieais 
Oyster.) 2/E/2iE14/5 2\=H/S/E/4\5 
s OIRO |p/o/a CIO ipAld |p 
A ht, cia, 2h 3, dling A | Ay ll si foc at) EL eS ole 
_ + ged 44 Oe bo | ene Oa) Se hs AD Leora ole Se? f 
ee. eee. kk Ske PRS EL J eee BLY 
Pees oe Sew lee f. SA Pe ck MES HAS 
Md HA SOKO) oS tabs ds fate Soe oe tthe. 4 Oe ae 4.. 
Mae <ichet Ao cub ke Neo tes al ee!) ee §.. 
Colonies per c. ¢.: 20° Rating= Rating= 


37 
I mn ne es | i a ee | 
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Sampling points were located by reference to buoys or prominent. 
points on shore. In the waters of the Chesapeake Bay it was not 
thought necessary to locate sampling points by the use of instruments 
other than the ship’s compass. 

Methods followed—The methods followed were in general those 
recommended by the Committee on Shell Fish Examination of the 
American Public Health Association. Oysters were scrubbed in the 
water from which they were taken. Except where otherwise noted 
their examination was begun within a few hours after collection, the 
usual routine being to collect samples as early in the day as practic- 
able and to examine them the same day. 

One per cent saline solution was used in making appropriate dilu- 
tions of the oyster liquor and water, the dilutions being varied in 
accordance with the indications. Durham fermentation tubes were 
used and are preferable to Smith tubes for work on a floating labor- 
atory, because they occupy less space and because the rolling of the 
vessel splashes the contents of a Smith tube against the cotton 
stopper. 

For reasons fully discussed in the report upon the Potomac River,! 
B. coli determinations were made by the use of lactose peptone 
broth, confirmed on Endo’s medium, instead of lactose bile. The 
lactose broth tubes were maintained for 48 hours at 37° ; smears 
from all tubes showing gas and from the next highest dilution were 
made upon Endo plates. These plates were maintained at 37° for 
24 hours, and if negative for B. coli—i. e., if they had no character- 
istic colonies with a metallic sheen—smears were again transferred 
from the fermentation tubes to Endo plates. No further confirma- 
tion was attempted, nor considered necessary. 

A composite sample, made with equal quantities of shell liquor 
from each oyster in a sample, was plated in duplicate in nutrient 
agar, the plates maintained at 20° for 72 hours and then counted to 
determine the total bacterial content perc. c. Water samples were 
plated in duplicate in nutrient agar and the total count determined 
after 24 hours at 37°. 

In the examination of oysters in the laboratory five or more indi- 
vidual oysters of suitable size and shape were selected and flamed, 
particularly around the edges; the oyster knife was flamed and the 
oyster opened as carefully as practicable. The end of a sterile grad- 
uated pipette was then used to agitate the liquor in the shell and 
thus secure a fair sample of liquor, including mucus and feces, the 
required amount being drawn into the pipette. 

Endo and nutrient agar media were made at the Hygienic Labora- 
tory, placed in 200 c. c. quantities in 250 c. c. Erlenmeyer and 


1 Hygienic Laboratory Bulletin No. 104. 
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Florence flasks, and shipped to the vessel where they were kept in the 
wings next to the steel hull, thus insuring equable temperature. The 
broth was made on the vessel, and Liebig’s beef extract was used in 
the place of beef. This method had been thoroughly tested in pre- 
vious work, and the resultant broth had been found to be as satis- 
factory as that made from fresh beef. The comparative simplicity 
of this method also commends itself for use in surveys such as the 
present one. The temperature and saline readings were determined 
with a salinometer having a self-contained thermometer. Turbidity 
readings were made by comparison with permanent standards. 

The medical officer in charge is fully aware of the objections to 
the present methods for the bacteriological examination of shellfish and 
_ the limitations of such methods, but considers that no more reliable 

means have as yet been suggested. One of the most important studies 
at the experimental laboratory on Fisherman’s Island is an attempt 
to improve the present method. 


SCOPE AND OBJECT OF STUDIES. 


This report is the result of an investigation of the tidal waters of 
Chesapeake Bay, of its tributaries, and of the ocean-side waters of 
Maryland and Virginia. No attempt has been made to take samples 
of shellfish from all of the half-million acres of oyster-producing bot- 
toms; but itis believed that the investigation has included a sufficient 
study of every locality from which shellfish are shipped, or are taken 
for local consumption in any considerable quantity, fully to justify 
and warrant the conclusions derived and the recommendations made. 

Shellfish beds shown by bacteriological examination to be polluted 
are always a source of danger. In the present state of our knowl 
edge, however, beds should not be considered entirely free from 
danger, even though pollution can not be demonstrated by bacterio- 
logical examinations. Under such conditions these should be sup- 
plemented by studies of the topography, currents, and epidemiology 
of the adjoining watershed. 

Relation between infectious diseases and oysters.—During this inves- 
tigation it has been impracticable to determine the total pollution 
from those portions of the watershed distant from tidal waters; but 
this distal pollution is deemed insignificant in comparison with the 
proximal pollution of the watershed near the beds. In studying the 
latter an attempt was made to secure from State and local health 
officials such epidemiological data and expressions of opinion as 
would possibly assist in the determination of the relation between the 
pollution of shellfish beds and the prevalence of infectious diseases. 
The results of these inquiries have not been very satisfactory. Typhoid 
fever is unfortunately so common in this country, and the sources 
of infection so many, that it is difficult to exclude several possible 
causes in any particular case. Again, carelessness and lack of sanitary 
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oversight have been responsible for the failure of attempts made by 
health officers to determine definitely the agent of infection. 

It is significant that, in every one of the cases of typhoid which 
were reasonably attributable to ingestion of infected shellfish and 
reported by physicians to us, either the shellfish had been taken 
from the immediate vicinity of a sewer or privy, or else their origin 
was unknown. In the latter instances the infection may have 
been due to such heavy pollution or to infection by carrier. With- 
out quoting the many expressions secured, it may be said that 
health officers in communities from which oysters are shipped concur 
in this opinion. 

Shellfish as regarded by the public—For the past eight or ten 
years the consuming public all over the country has had the opinion 
that the oyster is a rather dangerous article of food. This opinion 
has been based in part upon comparatively few well-authenticated 
and scientifically studied outbreaks of typhoid fever caused by the 
ingestion of infected oysters, and in part upon cases of gastro- 
intestinal disorders due to eating shellfish which had been out of 
the water too long and as a consequence had decomposed. Many 
cases of typhoid fever due to other causes and many cases of gastro- 
enteritis due to imprudent eating and drinking have also erroneously 
been attributed by the medical profession, as well as by the laity, 
to shellfish. In consequence of these conditions there have been 
many investigations of shellfish pollution, some of them by capable 
scientists and others by less experienced but conscientious investiga- 
tors who believed that all shellfish were more or less potentially 
dangerous; newspapers and magazines have published popular 
articles; and as a result the public has become afraid to eat oysters. 

The immediate result of this condition has been injurious to the 
shellfish industry; the ultimate result will be a great good to the 
industry and will be of twofold benefit to the public by preventing 
the taking of oysters from infected waters and the handling of oysters 
in an insanitary manner, and by restoring confidence in a safe, cheap, 
nutritious, and delicious food product, the output of which may be 
almost indefinitely increased under intelligent legislation. 
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CHESAPEAKE BAY PROPER. 
CHARACTER OF BAY. 


With the exception of the comparatively short ocean shore of 
Maryland and Virginia, all of the tidal waters of the two States 
are a part of or tributary to Chesapeake Bay. ‘This great body of 
water is the largest bay on the Atlantic seaboard of the United 
States. The entrance, in latitude 37° N. and longitude 75° 59’ W. 
between Cape Charles, Va., on the north and Cape Henry, Va., on 
the south, is about 10 miles wide, but the shoals extending south- 
ward off Cape Charles leave an available width of about 5 miles 
for vessels of 18 feet draft. The channel, with a depth of over 36 
feet, is 1? miles in width at its narrowest part. 

From its entrance to the mouth of the Susquehanna River, at 
its head, Chesapeake Bay is about 170 miles long; the lower half 
has a width varying from 10 to 20 miles, the upper half from 2? to 
10 miles. The prevailing depth in the lower part is from 24 to 60 
feet with a deeper hole in toward the eastern shore above Cape 
Charles City. From a point a little above the mouth of the Rappa- 
- hannock River a long, narrow, deep channel, following the general 
course of the bay, extends to within a few miles of the mouth of the 
Patapsco River. In this channel the depth varies from 60 to 156 
feet. Toward the head of the bay the channel shoals gradually to 
12 feet abreast of Red Point at the mouth of Northeast River. 

From its entrance to Patapsco River, a distance of 140 miles, 
the Chesapeake has a navigable depth of 35 feet. <A large foreign 
and coastwise trade enters the bay, bound to the ports on its tribu- 
taries, and a very large trade is carried by steamers and sailing 
vessels between the numerous landings and communities on the 
bay and its tributaries and the ports of Baltimore, Norfolk, Newport 
News, Richmond, and Washington. There is also a considerable 
trade through the Chesapeake and Delaware Canal. 


TRIBUTARIES. 


The Chesapeake is remarkable for the number, size, and navigable 
depth of its tributaries. While those on the eastern shore have no 
large cities or foreign trade, they are much used by vessels engaged 
in a large local trade in oysters and farm produce. The rivers on the 
western shore give access to the large commercial cities and ports 
to which Chesapeake Bay is the approach. All of the rivers and 
creeks tributary to the bay are subject to tidal influence. With few 
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exceptions, this tidal influence extends to the head of navigation 
for seagoing or bay vessels. 

The eastern shore of the Chesapeake Bay for about 40 miles 
above Cape Charles, where the entrance of Pokomoke Sound is 
reached, presents a fairly regular line, broken at intervals by a num- 
ber of small creeks. North of Pokomoke Sound, which reaches a 
little above the Maryland-Virginia boundary line, the shore is ex- 
tremely irregular nearly to the head of the bay, and presents a 
network of islands, small bays, rivers, and creeks. These intricate 
waters are of vast commercial importance, for their bottoms are 
the source of a large proportion of the oysters taken in the Chesa- 
peake Bay areas. | 

About 5 miles northwest of the entrance to Pokomoke Sound is 
Tangier Island, the southernmost of a chain of islands which extends 
nearly 26 miles in a northerly direction. Tangier Sound lies between 
these islands and the mainland of the ‘Eastern Shore” and has 
many tributaries. Proceeding northward, other large bays and 
rivers of the eastern shore are: Little Choptank River; Choptank 
River, leading to Cambridge; Eastern Bay, leading to Claiborne and 
St. Michaels, on Miles River; Chester River, leading to Chestertown 
and Queenstown; Sassafras River and Elk River. Each of the above 
has numerous tributaries. 

Beginning at Cape Henry, on the western shore, the first principal 
point is Lynnhaven Roads, a broad, open bight just within Cape 
Henry, and an anchorage for large vessels. Hampton Roads, about 
15 miles westward of Cape Henry, is at the confluence of the Eliza- 
beth, Nansemond, and James Rivers, forming their approach; it is 
an important anchorage and naval base. Elizabeth River has the 
coal terminals at Sewall and Lambert Points, and Norfolk on its 
eastern bank; while opposite are Portsmouth, the United States 
Navy Yard, Berkeley, the Naval Training Station, Pinner Point, 
Port Norfolk, and West Norfolk. The headwaters of the Elizabeth 
River are connected with the waters of North Carolina by two canals. 
Nansemond River leads to Suffolk; James River leads to Richmond, 
Petersburg, and City Pot; Newport News is on the northern point 
at the entrance to James River; York River has Yorktown on its 
western bank, with West Point at its head. Mobjack Bay forms the 
approach to North, East, Ware, and Severn Rivers. Piankatank 
River, just north, has a large lumber and oyster trade. Rappahan- 
nock River leads to Fredericksburg. Potomac River separates 
Maryland and Virginia; on its banks are Alexandria and Washington. 
Patuxent River leads to Solomons Island and is a fine harbor. 
Severn River leads to Annapolis and the United States Naval 
Academy. On Patapsco River, 9 miles above its mouth, is Balti- 
more, the most important commercial city approached through 
Chesapeake Bay. 
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The drainage area of Chesapeake Bay includes a large part of the 
central section of New York, over half of Pennsylvania, most of the 
States of Maryland and Virginia, and a large section of West Vir- 
ginia. The population living on this area includes approximately 
394,135 in the State of New York, 32,200 in Delaware, 1,613,310 in 
Maryland and the District of Columbia, 2,541,839 in Pennsylvania, 
100,454 in West Virginia, and 1,326,109 in Virginia, a total of 
6,008,047. Of this population about 800,000 live in communities 
immediately on or near the Chesapeake Bay and may be considered 
the sources of proximate pollution. 

The amount and character of the waters of the bay are dependent 
upon the stream flow from its tributaries and the influx of sea water, 
which depends upon the force and direction of the wind and the tidal 
phases. According to observations made by Lieut. Francis Winslow 
for the United States Coast and Geodetic Survey,! the salinity and 
density of the water in the bay proper varies greatly in the upper or 
Maryland part of the bay. Nine observations made during the period 
of least rainfall, October, 1878, at Craighill Channel, mouth of 
Patapsco River, gave an average of 1.0026, while 10 observations 
made during the period of greatest rainfall showed an average of 
1.0007. Nine observations at Watts Island Light, below Tangier 
Sound, showed an average of 1.0127 for periods of least rainfall, and 
10 samples taken during periods of greatest rainfall showed an average 
of 1.01109. The waters of the lower bay vary less and are more 
dependent upon tidal currents. The density of the water in this 
section approximates 1.020, both in the bay and in the waters on the 
ocean shore. [The density of the water in the various sections is 
shown in the general table at the end of this report giving the results 
of examinations of oysters and water.] 


CURRENTS. 


The tidal currents in the bay and its tributaries are greatly 
influenced by the winds, which also affect the rise and fall of tides 
to a marked extent, especially near the head of the bay. Strong 
northerly winds increase the ebb current and may interrupt the 
flood, while strong southerly winds will have the opposite effect. 
Under normal conditions the velocity of the flood at strength is 1.3 
knots and of the ebb 1.3 knots at the ‘‘Tail of the Horseshoe”’ just 
inside the entrance, while at Sandy Point, near Annapolis, the full 
flood velocity is 0.6 and the ebb at full strength is 0.7. Other 
observations follow (from Coast Pilot VI, U.S. C. & G. Survey): 


1 Appendix No. 11, Report for 1881, U. S. C. & G. Survey. 
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Tdal currents, Chesapeake Bay. 
SUBUNIT Nh Ae rer oR IE ECE MMM | 


Current Current 
turns to turns to 
flood (hours; Velocity | ebb (hours Velocity 
Stations after high |atstrength | after high | at strength 
: water at of flood water at of ebb 
Old Point | current. | Old Point | current. 
Comfort or Comfort or 
Baltimore). Baltimore). 
HH. om. Knots. ed. a Knots. 
2.2 miles N. 4 E. from Lynn Haven Inlet.............. 9 00 1.1 ZiBo Le | 
7.8 miles E. ? S. from Old Point Comfort Lighthouse. . 9 10 122 2 43 12 | 
3.8 miles E. from Old Point Comfort Lighthouse. ...... 9 00 1.4 2°25 Lm | 
0.7 mile SW. by W. 4 W. from Old Point Comfort 

MPS EAVOMISOS). C94) WELLL, .c20cR. LL. 2 eT 8 10 1.4 2/345 1 | 
4.8 miles E. 3 S. from Back River Lighthouse.......... 10 00 1.5 3 30 1.3 
2.3 miles SE. 3 8. from York Spit Lighthouse.......... 9 00 9 2° 30 10 
4.5 miles ESE. 3 E. from York Spit Lighthouse... .... 10 00 9 3 30 1.9 | 
1.2 miles E. 4. N. from Wolf Trap Lighthouse... 11 15 1.0 4 45 11 
2.6 miles SE. by E. 4 E. from Windmill Point Light- 

WOGSO. 223. ug. Pees el TOR eA ray Piel |: 12 20 1.0 5 30 1 
6.1 miles NNE. from Smith Point Lighthouse.......... 12) 25 a 6 00 4 
2.2 miles SE. by S. from Point Lookout Lighthouse... 12 00 6 5 20 8 
2.8 miles NE. by E. 4 E. from Point No Point......... 0 55 5 6 50 8 
1.1 miles WSW. Ae from Hooper Strait Lighthouse.. 0 00 5 5 50 -6 
3.2 milesSE. by E.§ E. from Cedar Point.............. 2 00 7 8 00 .3 
1.4 miles EF. 3 N. from Drum Point Lighthouse......_.. 125120),1: 4 7 00 .6 
2.6 miles N. 2 E. from Cove Point.......... FEE ode dee 3 40 5 9 25 9 
3.4 miles SE. by E. 2 E. from Holland Point........._. 5 00 4 10 50 .5 
3.3 miles SW. ? W. from Bloody Point Bar Lighthouse. . . 5 45 4 at) 25 3 
2miles WNW.4W.from-Tilghmans Point........... 2 40 5 8 40 3 


The United States Coast and Geodetic Survey (Fourth Report of 
Shell Fish Commissioner of Maryland) reported that it would take a 
particle floating on the surface 103.8 days if it followed the main 
channel, or 138.4 days under average conditions, to travel from 
Pooles Island to Point Lookout, a distance of about 90 miles. 

From the above table it appears that in the whole area from 
Tilghmans Point to the entrance of the bay the ebb tide at strength 
has an excess velocity over flood tide of only 0.07 knots. Reckoning 
12$ hours of ebb tide a day, and the difference in velocities to be 
constant, floating particles such as sewage would have a net down- 
ward gain of only 0.875 nautical mile a day. 

In the lower bay, or area below the entrance of the Potomac River 
at Point Lookout, the excess ebb velocity at strength is 0.1 nautical 
mule an hour or 1.25 miles a day. 


SHELLFISH AREAS AND PRODUCTION. 


Chesapeake Bay and its tributaries constitute the most extensive, 
prolific, and valuable oyster area known in the world. The shore line 
is everywhere indented with estuaries, including the lower reaches of 
the large rivers, in which the combination of brackish waters, suit- 
able temperature, and abundance of food makes possible prolific 
reproduction and rapid growth of these shellfish. 

The region is also favored by the comparative absence of starfish, 
borers, dog fish, and other enemies of the oyster, which often 
devastate the oyster beds of other regions. In certain localities in 
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these waters not only are conditions favorable for reproduction and 
growth, but a combination of certain foods and unknown factors 
gives to oysters grown therein peculiar and delicious qualities which 
have increased the value of shellfish from such localities. 

The great shell mounds found testify to the importance of shellfish 
as food for the Indians, and records show the value of shellfish to the 
early settlers: 


During the first quarter of the last century there seems to have been a brisk local 
trade in the opening and sale of oysters in cities and towns near the bay. In thisearly 
time began the shipping of oysters to the northern field for planting and opening . 
This trade increased in magnitude until the civil war. Out of it grew the present pack- 
ing business of Chesapeake Bay. A few far-seeing and energetic oyster culturists of 
Connecticut, recognizing the great natural resources of the bay and the possibilities 
of a market with Baltimore as a center, established branch packing houses in that city 
in 1834. These pioneers of the modern business, with characteristic energy, began to 
establish wagon lines as far west as Pittsburgh. With the construction of the Baltimore 
& Ohio and other railroads, this distribution was enormously facilitated, oysters were 
plentiful, and these firms conducted a great business. * * * A few years later Mr. 
A. Field, also a native of Connecticut, began to sell oysters, which he first steamed and 
then hermetically sealed in tin cans. This preparation was received with favor and 
the business grew very rapidly. Records furnished by C. S. Maltby inform us that in 
1865, 1,875,000 bushels of oysters were packed raw, and 1,360,000 bushels were pre- 
served in Baltimore. In 1869 he numbersin Maryland 55 packers who put up 5,000,000 
bushels. Sixty ‘‘raw’” houses that year employed 3,000 hands, while the packers 
gave employment to 7,000 persons. (Kellogg, Shellfish Industries.) During the win- 
ter of 1879-80, 45 packing houses in the City of Baltimore marketed more than 7,000,000 
bushels of oysters, the total production in the State being 10,000,000 bushels. 

The packing business was not begun in Virginia until 1859, when an establishment 
was started in Norfolk. The Civil War interrupted the business, but immediately 
thereafter the industry was resumed and has rapidly increased. Very few oysters have 
ever been canned in Virginia, shipments being made raw, either as shell stock or as 
shucked stock. 

There seem to be no definite data bearing on the production of the entire bay before 
1880. The notes of a Baltimore packer estimate the total production of the bay in 
1865 at 6,944,500 bushels, of which Maryland produced 4,879,500, and Virginia 2,065,- 
000 bushels. Prof. Brooks states that in 1875 the bay produced 17,000,000 bushels. 
The census estimate for 1880 was slightly more than that. He believed that the aver- 
age, for 56 years following the establishment of the packing industry in Baltimore, was 
7,000,000 a year, or a total of 392,000,000 bushels.! 


The greater part of this enormous production was from natural 
beds, and on account of the continued fertility of the waters the 
oystermen of both States seemed convinced that they were inex- 
haustible. As a natural, inevitable result the high tide in the Chesa- 
peake Bay industry was reached years ago (1880). The decline of 
the Maryland industry is shown by the accompanying chart. 

Despite the epoch making investigations and eloquent appeals of 
Prof. W. K. Brooks of Johns Hopkins in 1878, 1884, and 1891, little 


1 Kellogg in Shellfish Industries, pp. 209-10. 
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— legislation to conserve this wealth was passed by Maryland until 1906, 
though in 1886 a shell planting act and in 1890 a cull law were passed. 
The Maryland industry has fallen from 15,000,000 bushels in 1885 to 
3,500,000 in 1911. During the past year, however, conditions are 
reported better, though public sentiment among the oystermen is not 
yet educated to the importance of proper conservative legislation. A 
complete survey of the oyster areas in the State has been made 
jointly by the United States Coast and Geodetic Survey, United States 
Bureau of Fisheries, and the Maryland State Shell-Fish Commission. 
Their report shows 215,968 acres of natural oyster beds and 100,800 
acres of barren bottoms suitable for oyster culture; 506 acres of clam 
beds were found. 

The history of the industry in Virginia has been different. In 1879 
dredging was forbidden on public natural oyster rock, and private 
planting permitted. In 1892 a survey of the natural oyster beds was 
made, and the results of this survey are embodied in the State Consti- 
tution. Provision is made for the lease of other grounds to individuals 
and for prohibiting the sale, outside of the State, of seed from natural 
rock. A police or ‘‘oyster navy”’ for the enforcement of law is main- 
tained by each State. 

According to the investigation made by Lieut. Baylor of the Coast 
and Geodetic Survey, Virginia has 226,000 acres of natural oyster 
bottoms and 400,000 acres open to planting. According to the report 
for 1912-13 of the commissioner of fisheries of Virginia, there are about 
100,000 acres of productive natural rock and 200,000 or less acres 
suited to planting, of which latter about one-fourth is actually leased 
for private planting. The oyster beds of the Potomac River are 
administered by the two States jointly. The public area is worked 
by about 10,000 to 12,000 tongers and dredgers. 

In 1891 Maryland still led in the production of oysters, but in 1901 
Virginia marketed 8,000,000 bushels of which 3,090,000 were from 
private beds. The latter State still maintains supremacy in the pro- 
duction and value of shellfish. 

During the year October 1, 1912 to October 1, 1913, there were 
produced and shipped in Virginia, 7,100,000 bushels of shucked 
oysters, valued at $6,400,000; shell oysters shipped in barrel and 
bulk, 3,750,000, valued at $2,100,000; oysters seeded or consumed 
locally, 1,275,000, valued at $300,000. Of the $8,800,000 received 
for the output of oysters, about one-third must be credited to labor 
and the other to the raw product. According to the same report 
the output of shucked oysters alone from the four principal shipping 
points during the 12 months from October 1, 1912 to October 1, 1913, 
was: Norfolk, 1,000,000 bushels, Chincoteague and Irvington, each 
400,000, and Hampton, 300,000. From all of these places enormous 
quantities of ‘‘shell stock” oysters are also shipped. 
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The commissioner of fisheries of Virginia, in his report, September, 
1914, states that there were at that time about 14,020 persons 
engaged in tonging and dredging, and 5,000 persons in marketing, 
carrying, and handling oysters from public beds, and that at least 
5,000 persons found employment upon the 57,336 acres of private 
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VIRGINIA’S OYSTER RECORD FOR THE PAST 30 YEARS. 


From the Fifteenth Annual Report of the Commissioner of Fisheries of Virginia. 


beds. He quotes as conservative the statement of the president 
of the Virginia Oyster Dealers’ Association that at least 40,000 
persons in the State get their living from the industry. The report 
shows 101 licensed shucking houses and 16 licensed barrel shippers. 
It may be stated, however, that many oysters are shipped in small 
lots from nearly every wharf in tidewater, Virginia. 3 


‘““EFASTERN SHORE.” 


The peninsula which stretches in a general southerly direction 
for about 200 miles, from near the latitude of Wilmington, Del., to 
the entrance of Chesapeake Bay, with the Delaware River, Delaware 
Bay, and the Atlantic Ocean on its eastern side, and the Susque- 
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hanna River and Chesapeake Bay on its western side, contains 
the State of Delaware and the sections of Maryland and Virginia 
known to the inhabitants of those States as ‘‘The Eastern Shore.”’ 
The shores of this peninsula are locally known respectively as ‘‘Sea 


Side” and ‘‘ Bay Side.” 
21 
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The whole section is a prosperous, thickly settled agricultural 
region in which fruit raising, potato and truck farming, fisheries, 
and the canning industries form the sources of wealth. The shell- 
fish and fishing industries are the principal means of livelihood for 
the population along both ocean and bay shores. 

The mainland of the whole peninsula is well supplied with rail 
and water transportation facilities, the principal trade of the bay 
shore going to or through Norfolk, Va., or Baltimore, and that of 
the inland sections and upper ‘‘Sea Side” going by rail to Phila- 
delphia, Wilmington, and New York. | 


“SEA SIDE”? OF THE EASTERN SHORE. 


No rivers or creeks of importance empty into the ocean from the 

Eastern Shore. For over 125 miles, from Delaware along the 
Atlantic Coast of Maryland and Virginia to Cape Charles, stretch 
long narrow low lying tongues or islands of sand, sometimes covered 
in part by pine woods and scrub oaks. 
_ These narrow stretches are known collectively as ‘“The Beach” 
and the waters between them as ‘‘inlets.’”’ Partly protected by 
“‘The Beach,” or lying directly on the ocean side, there are several 
larger islands whose soil and forest growth’ indicate a considerable 
age. Between these islands and the mainland, and forming a 
considerable part of both, are hundreds of square miles of salt water 
marshes. (See map 1, page 13.) 

Oyster and clam beds.—The water in the narrow guts and creeks 
in and around these marshes is considerably less salt than the ocean 
water, owing to the run-off from the watershed and from local 
springs. These localities are breeding places for those plankton 
forms, and from them come that detritus of organic matter, which 
together appear to constitute the food of shellfish. 

_ On the ocean beaches the shifting sands form a bottom so unstable 
that young oysters are soon smothered, but wherever a firm, perma- 
nent bottom exists, or is built up by the deposit of oyster shells or 
other material which will support the oysters, they may be found 
in large numbers. The equable temperature and abundant food 
supply form a condition which results in the rapid multiplication 
of oysters. Even in areas with mud bottoms, large ‘‘natural oyster 
rock” are found. In such cases spat have apparently become 
attached to light objects resting on the bottom; during following 
Seasons successive crops have become attached to the older forms 
and these have gradually sunk until a firm bottom has been formed. 
These oysters grow very rapidly, and if not disturbed, affect each 
other’s shape, the result frequently being a mass containing dozens 
of oysters of all sizes and shapes, the characteristic shape being 
the long and slender ‘‘wild oyster” known locally as ‘‘cat tongues.” 
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Possibly owing to a deficiency in lime salts, or to their rapid growth, 
the shells of these oysters are characteristically thin and fragile. 

There is also an abundant growth of these shellfish which have 
the power of locomotion, such as the hard or little neck clam (Venus 
mercenaria) or ‘‘quahog’”’ of New England, and scallops; and 
these mollusks are naturally found even in the less permanent, shift- 
ing sands along the coast. The most prolific and valuable clam area 
along the coast is the flat in Fishermans Inlet, a large part of which 
is included in the United States Quarantine Reservation of Fisher- 
mans Island. The natural supply of these shellfish is being rapidly 
exhausted along the Maryland and Virginia shores, even as it has 
been farther north. No State law protects it, and the Federal 
government should jealously guard the Fishermans Island area as 
a future source of these clams. 

Geographical description.—There are only four communities of 
considerable size along the whole ocean side: Ocean City, Md.; 
Franklin City, Chincoteague, and Wachapreague, Va. 

Stretching along the coast for about 30 miles, from a point about 
25 miles below Cape Henlopen, is a narrow strip of “The Beach” 
known as Assateague. The lower end of this beach is a mile or more 
wide and has high sand hills, well covered with forests. Between 
Assateague on the north and Wallops Beach on the south is Chinco- 
teague Inlet, which is about 1 mile wide, and navigable for large 
vessels. To the westward of the lower end of Assateague, and 
separated from it by marshes and narrow, deep creeks, is Chinco- 
teague Island. 

Between this island and the mainland on the west are broad areas 
of salt marshes, covered by extraordinary tides. Sweeping in a 
northwesterly direction south of Assateague and Chincoteague, and 
receiving a smaller arm from between Wallops Beach and the main- 
land marshes on the south, the inlet turns to the north and for about 
2 miles is a narrow strait between Chincoteague Island and the 
mainland marshes. At the north end of this strait, formed by the 
recession of the marsh and Chincoteague Island, is a broad, shallow 
sheet of water known as Chincoteague Bay. Separated from the 
ocean by Assateague Beach, with the mainland to the west, this bay 
is from 5 to 8 miles wide for about 25 miles north of the strait, where 
it narrows to a mile or so in width and continues 20 miles or more 
farther north. The lower part of the latter stretch is Sinepuxent 
Bay and the broader, upper part is Assawoman Bay. 


OCEAN CITY. 


Ocean City, Md., is a well-known summer resort, which is situated 
on ‘“‘The Beach” between Sinepuxent and Assawoman Bays. The 
town has a small permanent population of about 500; the majority 
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of the houses are hotels, boarding houses, and summer cottages, and. 
during the summer the population is augmented by 2,000 or more: 
summer residents. During ‘‘week ends” and other holidays, train: 
loads of transients are carried from Baltimore and other cities to. 
this resort. At present there is no comprehensive sewage disposal| 
System; sewers are, in some instances, laid from hotels and other 
houses to the most convenient part of the Sinepuxent Bay shore and. 
the sewage often deposited along the shore. A number of houses | 
have cesspools and _privies. Garbage is carried to the shore and 
dumped or fed to hogs. During summer months shellfish have in 
some instances been laid for storage in dangerous proximity to such 
outfalls. 

The State department of health has taken steps to remedy these 
conditions, and plans have been finished for a complete sewerage 
system. Permit has been issued for passage of the town’s sewage 
through a settling tank and discharge of the effluent into Sinepuxent 
Bay. Arrangements have been made for treatment of the tank efflu- 
ents with liquid chlorine should it later be found necessary. (Letter 
Chief Engineer of State Department of Health. ) 

The water supply is derived from wells, deep and shallow. The 
complete absence of reported cases of typhoid fever during winter 
months, and the occurrence of a small number of cases during sum- 
mer months when large numbers of visitors are present, suggests 
that most, if not all, of the cases have been imported or contracted 
by contact with such cases. There is no indication of continued 
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1 None reported. 
FRANKLIN CITY. 


Franklin City is a community of 200 or more persons on the west 
shore of Chincoteague Bay. The town is the terminus of a branch 
of the Pennsylvania Railroad system and the shipping point for 
shellfish and fish which are barged over from Chincoteague Island, 
as well as for shellfish from local beds. There is no sewerage system; 
the oyster beds are a considerable distance from the shore. There 
is no danger of pollution on these beds, but there is danger in the 
use of ‘‘drinking’’ floats on the foreshore at this town. They have 
been forbidden by the Food and Dairy Commissioner. 
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CHINCOTEAGUE ISLAND. 


Chincoteague Island is the most populous island and the most 
important shipping center along the ocean side of the Eastern Shore. 
Legally it is a district of Accomac County, Va. The island is about 
8 miles long, from north to south, and 2 miles broad, from east to 
west. The surface is a series of low dunes with intervening salt 
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marshes and level bottoms. The soil is sand, covered in the interior 
with a thin loam which supports a good pine growth and grass 
enough to feed a few cattle and herds of wild ponies. 

Entering the island from the inlet to the southeast is a narrow 
slough or gut, from which extends northward for a mile or more a 
narrow branch terminating in a shallow pond. The tides ebb and 
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flow therein, but seepage decreases the saline content of the water. 
There are other smaller ponds of a similar nature and these will be 
referred to again. The west shore isa rather straight sand beach 
facing the inlet and bay. The Eastern Shore faces Assateague and, 
as already stated, is separated therefrom by narrow guts or creeks 
and salt marshes. 

Water supply.—There seem to be no permanent springs or streams 
on the island, the porous soil immediately absorbing the rains or only 
temporarily storing them in shallow brackish ponds. Repeated 
attempts, in one instance going down over 2,000 feet, have failed to. 
secure any artesian water, and the population, therefore, depends 
upon driven wells from 4 to 10 feet deep for water for all purposes. 
Some of the more prosperous families use for domestic purposes rain 
water conserved in cisterns and other containers, 

Population.—The total population of the island, according to the 
census of 1910, was 3,295, including Chincoteague town, which in 
1910 had ‘a population of 1,419. The present population is about 
3,600, of whom 1,800 are within the corporate limits or in that imme- 
diate vicinity. Very few of the people live in the interior of the Island 
and only a small acreage is cultivated. Nearly the entire population 
live along the shore and derive a livelihood directly or indirectly from 
the fish and shellfish industries. 

With the exception of about 100 negroes, who live in one neigh- 
borhood, the population consists of native white stock. Chincoteague 
town lies along the west shore of the island, facing the inlet or strait, 
where it is deep but only a few hundred yards wide. The large ma- 
jority of the people live in houses facing the inlet, on a main street or 
road which follows the high-water line, and is only a few yards from 
it. About 50 shops, fish and oyster houses, an ice factory, and resi- 
dences have been built on the shore-side of the street, generally on 
filled lands, and their back premises abut the water. Several cross 
streets, on one of which is a large frame high school, extend for one or 
two squares from the school. The residences are detached, nearly all 
are frame, and each has a yard. While few are pretentious, the im- 
pression is received that there is no abject poverty, and that the pop- 
ulation lives in comfort. 

Sanitary conditions.—The town government consists of a mayor 
and town council. There is no health officer or organization on the 
island, which is legally under the county health officer of Accomac 
County, who resides at the court house on the mainland. 

Until about two years ago several private sewers from residences 
emptied on the water front, but under advice of State authorities 
these, with one or two exceptions, were removed, because of the effect, 
upon the oysters in floats. Some of the houses have cesspools with 
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brick or frame sides but without bottoms, the porous sand being de- 
pended upon to carry away liquid constituents of deposits. 

Aside from the houses in town, the whole population either de- 
pended upon surface privies of the crudest sort or, as in the case of 
very many houses out of the town, had no privies of any kind. In 
most instances the water for domestic use is secured from wells driven 
only a few feet from the privies, and water from the same wells is 
driven by pump to the oyster floats. 

Along the shore in front of the town are 40 or 50 open sheds in which 
shellfish are barreled for shipment. Alongside each of these sheds are 
one or more floats for oysters. There is one oyster-shucking house on 
the shore, with several floats. There are also ‘“‘drinking places” con- 
structed of water-tight siding and bottoms with a sluice gate through 
which the sea water may be admitted. Fresh water is pumped into 
these reservoirs from the shallow wells already described until the 
mixture is a brackish water of varying salinity, the relative amounts 
being determined by taste. Within these ‘‘drinking places’’ are 
pontoon floats, for convenience in sorting and handling oysters. 
“Drinking places”? and the reason given for their use are discussed 
later. (See p. 30.) 

The first inspection of Chincoteague was made by Surg. Cumming, 
accompanied by State Dairy and Food Inspector Taylor, October 19 to 
21, 1914, at which time the ‘‘drinking”’ of oysters had not been begun 
for theseason. An investigation along the water front showed one or 
two privies very near the floats, and an open bottom cesspool in dan- 
gerous proximity to a large clam-shipping plant. A town ordinance 
required sanitary privies, but as in so many other instances, the idea 
as to what constituted a sanitary privy was vague. An inspection of 
premises with the town sergeant showed that, while a few of the priv- 
ies were adequately equipped for the pail system, the majority were 
open in the rear. Many of the wells were only a few feet deep and 
within a few feet of the privies. Inspection of the rural districts 
showed the same condition, and in some instances, the absence of 
privies. 

Inspection of the ice factory showed that the water was obtained 
from a gang of shallow wells driven in the abutting cross street and 
piped to the factory. The manager stated that his water supply was 
insufficient; that he therefore used some water without distillation 
and some inlet water, but that he tried to send out for domestic con- 
sumption ice made of distilled water only, reserving the other for 
packing fish. 

At the request of the mayor and president of the school board, a 
visit was made to the high school, where about 600 pupils were 
crowded into a frame building. A representative of the State board 
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of health had recently advised the building of new privies; it was evi-. 
dent, however, from the design and construction of those being built, | 
that the recommendation had not been understood. | 

From conversations with three of the four physicians it was learned 
- that there are cases of typhoid fever every year, and that an outbreak 
of 8 or 10 cases in 1913 had possibly been imported from the fish fac- 
tory at Assateague. The fever generally appears in August and dis- 
appears in September. None of these gentlemen knew of any cases 
which could justly be attributed to shellfish. As the shipment and 
consumption of oysters do not begin until September and the ‘‘drink- 
ing” until November, and as nearly every one eats oysters daily from 
October until May, the fact that seasonal occurrence of fever and the 
eating of oysters are not coincident is interesting. 

After the inspection the mayor and other officials and citizens were 
interviewed, and there was impressed upon them the vital importance 
of the shellfish industry to the community, the danger of spreading 
disease, and the certainty of interstate shipments being forbidden 
unless improvements were made in sanitary conditions. They were 
also advised as to the ease and low cost of removing danger to them- 
selves and their industry by rigid enforcement of a regulation provid- 
ing for a sanitary dry-closet privy system with prompt removal of 
contents under supervision. 

Survey of oyster beds.—A sanitary survey was made of the oyster 
beds, and samples of oysters and water from these points, with water 
from the various well pipes and the large slough or pond, were collected 
and carried to the Str. Bratton for analysis. The bacteriological 
results confirmed the conclusions drawn as the result of the survey. 

The samples of oysters representing all the oyster producing areas 
on both sides of the island gave a maximum score of only 4. Samples 
of water from the well pipes, from which water is pumped across the 
street to the “drinking places” in front of the town, gave high total 
counts on agar at 37° and a B. coli score in 1 ¢. c. or less. The one 
sample negative in 10 c. c. had been stored for several days in a tank. 
The survey and laboratory results demonstrated danger in freshening 
oysters with water from the wells under prevailing conditions. The 
results were communicated to Federal and State authorities. 

November 16, Surg. Cumming again visited the island by request 
of the mayor and town council, and addressed a public meeting, dur- 
ing which the nature and methods of transmission of typhoid fever 
and similar diseases, and the danger of surface wells and insanitary 
disposal of excreta were explained, in relation both to the health of 
the community and to the shipment of shellfish. The essential fea- 
tures of a sanitary privy were explained and the council advised as to 
an ordinance regulating the collection and removal of excreta. 
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January 25 and 26, a further inspection was made by Surg. Cum- 
ming, who accompanied Commissioner of Health Ennion G. Willliams 
of the State department of health of Virginia. The town council had 
promptly passed the ordinances as suggested, the people had cooper- 
ated with the authorities, the citizens outside of the corporate limits 
in the country had agreed to abide by the town ordinance, and the one 
recalcitrant resident had been arrested and fined. In some instances 
the measures adopted were not quite adequate, but the suggestions of 
the examiners were received gratefully and steps taken to remedy 
conditions. Objections having been made to the type of privy used 
at the high school, workmen were at once employed and the condi- 
tions remedied. 

By request of the school board, Commissioner Williams and Surg. 
Cumming addressed the high-school pupils, and afterwards a public 
meeting of the town council and citizens, upon the importance of 
town water and sewerage systems. As a result the council decided to 
communicate with a sanitary engineer with reference to plans for 
these improvements. 

Samples of oysters and water from ‘the floats in front of the town 
were taken to the Bratton, but owing to this vessel having grounded, 
there was a delay of 72 hours between collection and analysis of 
samples. Hence February 13 Bacteriologist Stewart proceeded to 
the island and collected further samples of oysters and water. Of 
10 samples of water, 1 was negative and 5 were positive for B. coli 
in 10 c¢. c.,3 in 1 c¢.c., and 1 in 0.1 ¢. c., the latter having been in the 
float for a week. Of 11 samples of oysters none scored over 2. (See 
table end of report.) 

Importance of the sea food industry.—Statistics gathered about two 
years ago for the Corps of Engineers, United States Army, and 
furnished us by Dr. Burwell, show that the trade of the island annually 
approximates 120,000 tons of freight, valued at $1,577,000. There 
are practically no agricultural or manufactured articles and the 
whole of this trade depends directly or indirectly upon the gathering 
and shipment of sea food. 

Almost if not all of the shipments of shellfish are interstate and 
the market is one which has included points from Utah to Boston. 
Large shipments are also made to points on the Great Lakes. The 
largest market, however, is Pennsylvania and especially Phila- 
delphia. From a sanitary standpoint all of such shipments may 
be sharply divided into two classes; those collected and shipped 
directly, or without treatment, from the beds, and those previously 
immersed in water other than that over the beds on which oysters 
and clams are grown. 

I, Absence of pollution in ‘‘ocean side’’ beds.—The first class may 
be at once dismissed with the statement that both sanitary surveys 
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and laboratory examinations show the Chincoteague beds, in common 
with all other beds on the ocean side, to be free from infectious 
pollution. There are no beds on the town side of the channel of 
Chincoteague Inlet, the beds being opposite the inlet opening, in. 
the bay across the channel from the island, and in Toms Cove 
and other places between the island and Assateague. The beds of 
Toms River and the creeks east of the island are free from infection | 
for the few houses on the shore have no water carriage, the soil is: 
sand and the dilutions, if pollution did occur, would be incalculable. 

IT. “‘ Freshening”’ or ‘‘drinking’’ of oysters.—It is asserted by. the 
shippers of Chincoteague and other sections on the sea side, and it 
is apparently true, that many markets, for instance Philadelphia, 
demand an oyster with less of the bitter salt taste than the untreated 
seaside oyster. It is also asserted that these oysters do not keep. 
well for market, as the salts of the liquor appear to dry the mantle 
and gills and thus injure the appearance and the market value of. 
the shellfish. To obviate these objections and difficulties, which 
the shippers claim are sufficient to ruin their industry, recourse is 
had to ‘‘drinking”’ or placing the shellfish in water of lower salinity 
than the ocean water. <A sharp distinction is drawn between this 
method and the “‘bloating’’ by the use of fresh water. As a matter 
of fact the average water tested was about as salt as the Potomac 
water about Lower Cedar Point. 

There are two methods of drinking: In the one case oysters are 
carried from the beds and placed in sloughs or guts, where seepage 
freshens the water, or in shallow ponds in the interior of the island. 
The more common method, however, is to place the oysters in a 
rectangular inclosure built on the water front. Into this inclosure 
sea water may be admitted by opening a sluice, or excluded by 
closing the gate. The required dilution is obtained by pumping 
out sea water and adding fresh water. No hydrometer is used and 
the sense of taste is depended upon to secure the desired result. 
After immersion in such water for one or two days, the oyster loses 
the bitter taste characteristic of ‘‘sea sides’? and is also increased 
in bulk. There seems to be no good reason to suspect any desire 
to defraud or deceive by increasing the size of the oyster and almost 
the entire catch is shipped as “‘barrel stock,” i. e., In the shell, as 
there is only one shucking house on the island. 

As is usual everywhere, a large number of shippers have floats 
constructed of open slats supported by pontoons, in which oysters 
are stored for convenience in filling orders. Such oysters, of course, 
are immersed in the sea water in which the float is anchored. Such 
oysters are not ‘‘floated”’ oysters in the ordinary sense in which this 
term is used unless the ‘‘float’’ be in a “drinking place.”’ 

Assuming oysters to have been taken from unpolluted beds or 
layings, as these Chincoteague and other seaside oysters have been 
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found to be, the problem as to the sanitary condition of the shellfish 
is determined by the quality of the sea water and fresh water used 
in the process of freshening. So far as the sea water is concerned, 
under present conditions no considerable danger exists. With the 
exception of one private drain from a physician’s house there is 
no water carriage from the town. There are generally only one or 
two vessels anchored in the harbor, and the volume of water which 
goes through the inlet each tide is enormous. 

The conditions under which the oysters were freshened at the time 
of first inspection constituted a grave danger. The open surface 
privy or cesspool within a few feet of the shallow well from which 
water was pumped only a few hundred feet to the floats in which 
oysters were kept before shipment needed only a case of typhoid 
fever to complete the chain, and this condition was the usual one 
along the town water front. The water which supplied the oyster 
shucking house and its floats came from a well within a hundred 
feet or so of the manager’s house, in which there had been several 
cases of typhoid fever, and there were stables and other privies in 
the immediate vicinity. Another float was within a few feet of a 
drain, and floats carrying large quantities of clams were within 50 
feet of a large cesspool. 

The danger of infectious pollution was averted by the action of the 
local authorities in installing a dry-closet system. - It must be remem- 
bered, however, that there is no local health officer and no health 
authority other than the mayor and sergeant. These men are ener- 
getic and conscientious, but they are not physicians nor trained san- 
itarians. So long as they enforce the ordinance, the oysters from 
these “drinking floats’? may be considered safe. 

The situation here, as elsewhere in the State, shows the necessity 
of an efficient local health authority and a constant and competent 
supervision by State officials. Unfortunately, there is no State law 
which gives to the State board of health authority to prevent sewage 
pollution; there is, however, a State board of health regulation which 
requires the installation of sanitary privies and allows the appoint- 
ment of local boards of health. In view of the fact that almost all of 
these shellfish are shipped interstate, it is believed that a regular in- 
spection of conditions should be made by Federal or State authority 
_ of interstate shipments of shellfish. 

The use of shallow ponds and sloughs in the island for freshening 
oysters is pernicious and should not be tolerated unless the water- 
sheds be inclosed and freed from premises with open privies. They 
are bad at best. There are several “drinking places”’ on the east side 
of the island; all of the water for freshening was secured a safe distance 
from the privies or residences, and oysters from such waters should be 
reasonably safe. 
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SEA SIDE BELOW CHINCOTEAGUE. 


Nearly all of the waterways and shores for 25 miles, from Chinco- 
teague Island to Wachapreague, contain either public or private oys- 
ter grounds. This stretch includes all of the many shallow areas 
between the mainland and Wallops, Assawoman, Metomkin, and 
Cedar Islands. , 

Folly Creek.—Folly Creek extends from Metomkin Bay, nearly 
opposite the Metomkin Inlet, for about 5 or 6 miles westward to a 
marshy head near the village of Accomac Courthouse. On this 
creek, about 2 miles from the village, is a large oyster shucking 
house with quarters for shuckers. The oysters were brought by boat 
from beds in the broad areas, stored in a safe place, and there seemed 
to be no danger of infection from the shacks. The water used for 
washing oysters came from a deep well; B. coli was absent in 10 c. c. ; 
and the sanitary conditions were excellent. 

Wachapreague.—W achapreague, Va., is a village with a population 
of about 500 persons. On account of the low price of oysters and 
the bad roads no oysters were being shipped, but there was a consid- 
erable trade in scallops. The town is situated on a narrow creek 
known as Finneys or Wachapreague Creek, several miles from its 
mouth opposite Wachapreague Inlet. The shellfish shipped from 
this village are from safe areas. 

Wilhs Wharf, Northampton County, Va.—This is a village with 
about 200 population on Great Machipongo River, behind Parramore 
and Hog Islands. On account of its accessibility to the oyster beds 
on one side and the railroad on the other, this village has developed a 
large and growing oyster shucking and shipping industry. The creek 
has been deepened, and there is one old shucking house and three or 
four modern ones. At the time of the investigation the older one was 
closed and all of the houses in operation had good sanitary conditions: 
all had artesian water, and bacteriological examination showed B. colt 
absent in 10 c. c. of each sample. The oysters are brought from beds 
practically in the open sea. 

Oyster, Va.—Oyster is a village of 150 persons whose houses are 
built around a small cove which makes into Northampton County from 
the great stretch of water between Cobbs Island and Hog Island. 

A large shucking house on the shore secures oysters from the open 
areas in front and uses water from an artesian well. About half mile 
south of the village, and constructed on piling 1,000 feet or so from 
the unhabited shore, is an oyster house, from which are shipped oys- 
ters selected because of their condition and gathered from beds free 
from any pollution; each oyster is marked with a tin tag. 

Closets which were fly proof and contained disinfectant solution 
were provided for employees, and the sanitary conditions were 
excellent. 
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Brighton, Va.—Brighton, Va., is another point on the ocean side 
from which similar ‘‘natural oysters” of the sea-side type are shipped 
with each oyster tagged. The oysters from these sources, as well as 
the others shipped direct from their beds in the open ‘‘broad waters” 
of the Eastern Shore, are safe from pollution when leaving the beds. 

It is hoped that the introduction of such oysters into the best 
clubs, restaurants, hotels, and markets of the country will familiarize 
people with the delicious flavor of the natural unfreshened oyster and 
throw into disrepute the at best doubtful expedient of ‘‘freshening 


oysters.”’ 
CONCLUSIONS. 


The following conclusions may be made concerning the ‘“‘sea side” 
of the Eastern Shore: 

1. The natural supply of clams in the Fishermans Island area is 
being rapidly exhausted. Since a large part of this area is included 
in the United States quarantine reservation, the Federal Government 
_ should jealously guard this area as a future source of clams. 

2. In the past shellfish have been laid for storage in dangerous 
proximity to the numerous sewage outfalls at Ocean City; but the 
Maryland department of health has taken steps to remedy these 
conditions, and plans have been completed for a sewerage system 
with outlet 1,000 feet from shore. 

3. The conditions under which oysters were freshened on Chinco- 
teague Island at the time of the first inspection constituted a grave 
danger. Ordinances requiring a dry-closet privy system were 
passed as suggested by the Public Health Service, and so long as 
enforced they should insure that the oysters from these ‘ drinking 
floats” are safe for consumption. The situation here, however, as 
elsewhere in the State, shows the necessity for an efficient local 
health authority and a constant and competent supervision by 
State officials. In view of the fact that almost all of these shellfish 
are shipped interstate, it is believed that a regular inspection of 
conditions should be made by Federal or State authority. The use 
of shallow ponds and sloughs in the island for freshening oysters 
should not be tolerated, at least unless the watersheds are inclosed 
and freed from premises with open privies. Drinking places on the 
east side of the island are reasonably safe. The Chincoteague beds 
themselves are free from infectious pollution. 

4. The introduction of the natural, unfreshened oyster in all the 
markets of the country should acquaint the public with its delicious 
flavor and throw into disrepute the doubtful expedient of “‘freshening ”’ 
oysters. 

5. Other points on the “‘sea side” of the Eastern Shore show no 
infectious pollution. No rivers or creeks of importance enter the 
ocean along this shore. 

17152°—Bull. 74—16——3 
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‘““BAY SIDE”? OF THE EASTERN SHORE.! 
LOWER END OF PENINSULA. 


Cape Charles City.—Cape Charles City, the southern terminus of 
the Pennsylvania Company’s railroad which connects the peninsula 
with the northern markets, is the most important railroad and ship- 
ping center on the Eastern Shore. The town had in 1910 a popula- 
tion of 1,948, and is growing rapidly. The health officer stated that 
there were about 2,000 persons within the corporate limits. About 
50 per cent of the houses are connected with a sewerage system 
which discharges into the railroad slip in the harbor. The other 
houses have surface privies as a rule, and no attempt has been made 
to enforce a sanitary privy ordinance. The town water supply is 
pumped from gang wells 40 feet deep and is used generally, though 
there are surface wells. There is no milk nor food inspection. 

The only case of typhoid fever reported for the past year was 
that of a woman who had not been out of town. The origin had 
not been traced. An intelligent resident (Mr. H.) stated that about 
two years before he had suffered a severe attack of typhoid fever, 
occurring a few days after he had eaten heartily of raw oysters sent 
him from a bed in a creek near by. The health officer stated that 
persons in a residence several hundred yards from the bed had 
typhoid fever a few months previous to Mr. H.’s attack. Another 
gentleman, however, who had eaten the oysters with Mr. H. had 
no attack; and other sources of infection in Mr. H.’s case had not 
been positively excluded. 

No shellfish are grown in or taken from Cape Charles Harbor; there 
are shipped from this place, however, large numbers which have 
been grown in near-by waters, such as Old Plantation, Kings, Cherry- 
stone, Hunger, and other creeks; and large numbers of clams taken 
from the flats around Fisherman’s,Smith’s, and other areas are also 
brought here for shipment. Such shellfish are from nonpolluted areas. 

Cherrystone Oreek.—Cherrystone Creek makes into the bay shore 
of Eastern Shore about 3 miles above Cape Charles City; the estuary 
is of importance only because of its valuable oyster beds. The 4-mile 
shore line has a few farm houses, all of which, with one or two excep- 
tions, have ordinary surface privies. Some pollution was found, but 
very little, and the oysters therefrom are believed to be safe. The 
name “Cherrystone”’ is applied to a hard clam a little larger than 
the small clam known as “Little Neck;” in each case the name no 
longer signifies the real origin of the shellfish, but simply the size 
of the clam. Kings Creek is an unimportant tributary in which 
no pollution was found. 

Old Plantation Creek.—Old Plantation Creek is a shallow estuary 
which makes into the shore about 7 miles above Fisherman’s Island 


1 See maps 1 and 2, 
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and 3 miles or more below Cape Charles City; the oysters from this 
creek share the local fame of ‘“‘Cherrystones.” The drainage area is 
sparsely settled and there is little or no pollution of any sort. Sixteen 
samples each of water and oysters were taken from these creeks, of 
which nine samples of water showed B. coli absent in 10 c. ec. quanti- 
ties; five were positive in the same quantities; and two were positive 
for B. coli in 1 ¢. ¢.; of the oysters three scored 14, and all of the 
others 5 or less. (See table end of report.) 

Harborton and Onancock.—The only communities of any considera- 
ble size between Cape Charles City and Pocomoke Sound are Harbor- 
ton, on Pungoteague Creek about 5 miles above the entrance, and 
Dniativek: The former is a village of about 300 population, from 
which oysters are shipped. 

Onancock is a town of 1,001 inhabitants situated at the head of 
Onancock Creek, about 5 miles from its mouth. There are a few pri- 
vate sewers which discharge into the creek, but ordinary surface 
privies are generally used. The water supply is from deep and shal- 
low wells. Onancock, like Harborton, is a shipping point for shellfish, 
but no oysters are grown in the creek. 


POCOMOKE SOUND. 


This is an estuary of Chesapeake Bay which makes its way into the 
Eastern Shore about 43 miles above Cape Charles; it is separated from 
Tangier Sound by several islands and large shoals, which extend about 
10 miles southward from the mainland and are marked near their 
southern end by Watts Island Lighthouse. The sound is about 13 
miles long and about 9 miles wide at its widest part. Large flats 
occupy almost the whole bottom, leaving a comparatively narrow 
channel into Pocomoke River at its head, and the numerous creeks 
which indent its eastern shore. Large areas of both private and pub- 
lic oyster beds cover the bottom, where the depth varies from 6 to 18 
feet. 

The only possible sources of pollution for this great body of water 
are Snow Hill, Md., at the head of navigation, 28 miles above the 
mouth of Pocomoke River, and Pocomoke City, about 19 miles above 
the mouth; but the oyster beds are out of probable reach of any small 
amount of sewage which might reach the mouth of the river, while 
the dilution would be incalculable. No danger exists from these beds. 


TANGIER SOUND. 


General characteristics.—This sound, on the eastern side of Chesa- 
peake Bay with its southern entrance about 40 miles above Cape 
Charles, lies between the mainland of the Eastern Shore and several 
large islands, which extend in a general northerly and southerly direc- 
tion. It is approximately 27 miles long and has an average width of 
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about 4 miles; it is noted for oyster beds, which are generally found 
on that portion of the bottom having 6 to 18 feet of water over it. 

There are three principal entrances: The southern entrance, be- 
tween Watts Island Lighthouse on the east and Tangier Sound Light- 
house on the west, has the best water and the greatest width; the 
middle entrance (Kedge Straits), between Smith Island on the south 
and South Marsh on the north, is abreast the mouth of the Potomac 
River and leads into the sound from the westward; the northern en- 
trance (Hooper Strait) leads from the westward, near the entrance 
to Honga River, into the northern end of the sound. 

The shores are low, generally flat, and in some parts marshy, pre- 
senting few marked natural features. Extensive shoals and oyster 
beds (with channels between them leading into the tributaries of the 
sound) extend off from the land on both sides. Watts Island, Little 
Fox Island, and Great Fox Island extend in a northerly and southerly 
direction on the eastern side of the southern entrance and separate 
Tangier Sound from Pocomoke Sound; the openings between these 
islands are very shallow and can be used only by small boats. 

The chief tributaries are Little Annemessex, Big Annemessex, and 
Manokin Rivers, Monie Bay, Wicomico and Nanticoke Rivers, and 
Fishing Bay. ‘These are the approaches to several towns and villages 
which have a large trade in farm produce, oysters, wood, lumber, and 
general merchandise. A depth of over 5 fathoms prevails throughout 
the whole length ofthe sound in the channel, which is quite narrow in 
places. 

Crisfield.—Crisfield, Md., is situated on the east bank of the Little 
Annemessex River, 2 miles above its mouth. The town had in 1910 
a population of 3,478, but is growing rapidly and now has about 
4,500. The town has been constructed over marshes, upon which 
oyster shells have been thrown for years. A branch of the Pennsylva- 
nia Railroad and water transportation furnish excellent shipping 
facilities; and the town is the largest oyster and crab depot on the 
Eastern Shore of Maryland, besides being the center for the soft 
crab and terrapin industries of the whole country. The water front 
is lined with many oyster shucking houses, some of which are modern 
structures with every facility for handling oysters in a sanitary 
manner. ‘The vast quantities of oysters shipped from Crisfield are 
brought from the great beds in Tangier Sound, Pocomoke Sound, 
and even from the Rappahannock and Potomac Rivers on the west 
shore of the bay. 

It was stated by officials that there were no oysters planted in 
Little Annemessex River, and it was with difficulty that enough for 
a sample could be dredged. These came from the mouth of the 
river. To the east of the town is a wide pond or estuary, a few 
hundred yards in diameter and only a few feet deep, except where 
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dredged near a causeway and narrow opening connecting this water 
with the river. We were told by one small dealer that he at times 
kept some oysters in this lagoon. A number of houses drain into 
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the lagoon, and taking oysters from it should be forbidden. The 
oysters are probably used locally, the number in this lagoon being 
small; but it is possible that some infection from this source might 


38 POLLUTION OF TIDAL WATERS OF MARYLAND AND VIRGINIA. 


injure the great oyster industry of the community as well as cause 
disease. 

The water supply of the town is derived from artesian wells, but 
there are many shallow wells used. Most of the town has been built 
along the narrow tongue of filled marsh and faces a street which 
continues up into the’ older part of the town on solid land. The 
houses are built close together, and the ordinary type of privies is 
generally used. The presence of these privies, shallow wells, and 
the large numbers of flies always present during warm weather in 
such places probably account for the high typhoid rate of the town. 

The records of typhoid fever in Crisfield, furnished by the State 
health officer for the year 1908 to February 1, 1915, are as follows: 


Cases of typhoid fever in Crisfield, Somerset County, Md., Jan. 1, 1908, to Feb. 1, 1915. 
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It will be seen from the above that, while the population of the 
town of Crisfield is only about 15 per cent of the total population of 
the county, the town furnishes about 46 per cent of the cases of 
typhoid fever. It is obvious, other conditions being equal, that the 
chance of infection of foods, including oysters, during handling varies 
with the amount of typhoid present in a community. The State 
board of health has taken up the sanitary condition of Crisfield and 
under its direction the filthy open drain on Chesapeake Avenue is 
being replaced by a concrete sewer. The local health officer attrib- 
utes to this drain much of the typhoid fever in the town. | 

The town is said to be in a receptive mood with respect to the 
installation of a complete sewerage system, preliminary plans for 
which have been drawn by the chief engineer of the State depart- 
ment of health. With the installation of such a system, the aboli- 
tion of insanitary privies and shallow wells, Crisfield should become 
a very healthful community. 

Kedges Strait.—Kedges Strait, the middle entrance into Tangier 
Sound from Chesapeake Bay, lies opposite Point Lookout and between 
Smith Island on the south and South Marsh Island on the north. It 
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is the most direct passage from the north to Manokin, Big Annemes- 
sex, and Little Annemessex Rivers. The waters of the strait are 
unpolluted. 

Big Annemessex River enters the eastern side of Tangier Sound 
opposite Kedges Strait. Holland Point, about 5 miles above its 
mouth, is at the head of navigation, and the small hamlets of Fair- 
mount and Marion are away from the river banks. The river is free 
from pollution. 

Princess Anne.—Manokin River enters the eastern side of Tangier 
Sound about 20 miles above Watts Island and northeast by east 
from Kedges Strait. The river mouth is wide but obstructed by 
oyster beds and sand bars. The only source of considerable pollu- 
tion is Princess Anne, the county seat of Somerset County, about 16 
miles above the mouth of the river. The town is an old one. It 
had a population of 1,006 in 1910. 

The public water supply of the town is derived from several wells, 
driven about 50 feet deep, in the thickly-settled portion of the town. 
The sanitary conditions immediately surrounding the wells have been 

improved, but the water can hardly be considered safe without 
treatment. The town owns its electric light plant, and the State 
board of health is considering the use of ultra-violet rays for disin- 
fecting the water. 

Most of the town is served by sewers, part of the sewage being 
discharged into the Manokin River near Main Street, and a part 
into the river about half a mile west of the town. The river is slug- 
gish and there is no evidence that the small amount of sewage dis- 
charged reaches even the upper beds, which are several miles below 
the outlets. 

From the following statistics furnished by the State board of 
health it is evident that most of the typhoid fever in the town occurs 
during the late summer and fall: 


Typhoid fever reported in Princess Anne, Somerset County, Md., January 1, 1908, to 
February 28, 1915. 
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Deal Island.—Deal Island, on the eastern side of Tangier Sound 
and the northern side of the entrance into Manokin River, is a small 
island on which there is a post village and a total population of 
1,524. Large oyster and crab shipments are made from the landing 
on the island to Baltimore and the northern markets. There is no 
considerable pollution, and shellfish from this area are unpolluted. 
Only one case of typhoid fever has been reported since 1912. 

Mome Bay and Wicomico River.—Monie Bay and Wicomico River 
have a common entrance on the eastern side of Tangier Sound, 
near its head. Monie Bay is shallow, received no pollution, and is 
unimportant. The entrance from Tangier Sound into Wicomico 
River is more than 2 miles wide, but is obstructed by large oyster 
beds, between which is a narrow, crooked channel. 

White Haven is a village, with a population of 475 in 1910, on 
the northern bank about 6 miles above Great Shoal Lighthouse at the 
mouth of the Wicomico. This town has a marine railway and a con- 
siderable trade by steamers. There is no public sewerage system. 

Salisbury, a town 20 miles above the mouth of the river, is at the 
head of navigation and the source of most of the pollution. This com- 
munity is growing rapidly, the census showing 2,905 in 1890; 4,277 in 
1900, and 6,690 in 1910. The present population is probably about 
8,000. The town is served by sewers which run to the foot of various 
streets and the sewage is discharged untreated into the river. There 
is also a public water supply. Suburban residences, as well as some 
of those in the community, use privies and shallow wells. 

Wicomico County, of which Salisbury is the county seat, had a 
population of 26,815, in 1910, with an aggregate of 706 cases of 
typhoid fever reported from 1908 to 1914, whereas, Salisbury, with 
a population of 6,690 in 1910 has had 459 cases reported. From 
the following data it may be seen that almost all of the cases occurred 
during the late summer and fall. 


Typhoid fever reported in Salisbury, Wicomico County, Md., from January, 1908 to 
January, 1915. 


Year. Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug. | Sept.| Oct. | Nov.| Dec. | Total. 
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At the time when samples were taken in Wicomico River (Jan. 
22, 1915) the pollution was probably at its maximum, for there 
had been a heavy rain with northeast wind for two days. B. coli was 
found in 0.01 ¢. ¢., at the town and present in 1 c. c. as far down 
as White Haven. The nearest oyster beds are about 2 miles below 
this point and at such periods of maximum pollution it is possible 
that some pollution, though small, might reach these upper beds. 
These beds, however, are small in extent and the dilution in the 
mouth of the river and in Monie Bay is enormous. A sample taken 
in the latter place showed B. coli present in 10 c. c. of water, and 
oysters gave a score of 5 in June. 

In Dames Quarter, a small settlement of 250 persons near Monie 
Bay, there were reported, in 1913, 9 cases of typhoid fever, all in 
November, and, in 1914, 6 cases, of which 5 occurred in January 
and 1 in May. ‘The cause of the winter cases could not be ascer- 
tained. 

Nanticoke River.—This river enters the head of Tangier Sound 
from the northeast, just north of the entrance to Wicomico River and 
Monie Bay. About 244 miles above its mouth the river is divided 
into the East Branch and Marshhope Creek; several creeks, all 
unimportant except Broad Creek, enter the river and these branches. 
Nanticoke River has a channel with a minimum draft of 9 feet to 
the town of Seaford, Delaware, 36 miles above its mouth. In 1910 
Seaford had a population of 2,108. 

Laurel is a town of 2,166 persons at the head of navigation on 
Broad Creek, about 30 miles from the mouth of Nanticoke River. 
Galestown is a small village 1 mile above Sharpstown, which is a vil- 
lage of 722 inhabitants ' on the east bank of the East Branch of the 
river, 28 miles above the mouth of the Nanticoke. Rivertown is a 
small village 34 miles above Vienna, which is a town of 332 inhabitants 
21 miles above the mouth of the river. The direct sewage entering 
the river from these sources is inconsiderable and the nearest oyster 
beds are over 15 miles below Vienna. At the time samples were taken 
a northerly gale and ebb tide created a condition of maximum pollu- 
tion. The water gave B. coli present in 10 c. c. or greater quantities. 
No oyster samples scored over 5. The oysters from these beds are 


believed to be safe. 
Fishing Bay and Hooper Stract.—F¥ishing Bay is a continuation 


northward of Tangier Sound, above Clay Island and Bishops Head. 
It is full of oyster beds and the oysters therein are practically free 
from pollution. One sample taken July 1, between Bishops Head 
and Sharkfin Shoal in Tangier Sound, gave a score of 32. 

Hooper Strait, the northern entrance from Chesapeake Bay to Tan- 
gier Sound, leads between Bloodsworth Island on the south and 


1 In this and in following cases the population figures are taken from the United States census of 1910. 
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Hooper Island and the mainland on the north. The shellfish from 
this open water are free from pollution. ith 

Tangier, Smiths, South Marsh and Hooper Islands.—Tangier Island, 
the southernmost of the islands between the Sounds and Bay, is a 
part of Accomac County, Va. The island had a population of 698 in 
1910. The population is gathered rather closely along one street on 
a part of the southern end of the island which is not marshy. 

Smiths Island is just north of Tangier and has a population of about 
685 persons, of whom 60 are in Tylertown and 625 in Ewell. 

South Marsh is a small island north of the preceding. Holland 
Island has a population of 80 and lies west of South Marsh. Bloods- 
worth Island lies north of Holland Island. 

Hooper Island lies northwest of the Strait of that name, and the 
population is chiefly centered in two small villages, Hoopersville with 
125 and Applegarth with 37. 

Practically all of the inhabitants of the above islands earn a liveli- 
hood by catching fish, oysters, clams, and crabs. The water for do- 
mestic use is generally from wells. Privies are used. So far as 
known, typhoid fever is rarely present, only two cases having been 
reported in several years. 

Honga River.—This river is a large irregular body of water on the 
eastern side of Chesapeake Bay between the mainland and Hooper 
Island. It is about 12 miles long and full of oyster beds and shoals, 
with a channel 19 feet or more deep to within 4 miles of its head. 
On the northern portion of Hooper Island, about 7 miles from the 
mouth of the.river, is the village of Fishing Creek with a population 
of about 700. 

Fox Creek is a large bight in the eastern bank of the river about 2 
miles above its mouth. On this creek is Wingate Point wharf, and 
nearby is the village of Wingate with a population of 325. Southeast 
of this point, behind a neck of land at the river mouth, is Bishops 
Head with a population of 250. Hoopersville wharf is opposite Fox 
Creek on Hooper Island. Very little direct pollution enters this 
large body of water. The score of 41 in the oyster sample taken July 
1, on the edge of the channel at the mouth of the river, as well as other 
samples, indicates that there is some pollution. 

Little Choptank River enters the eastern shore of Cheaspeake Bay 
about 90 miles above Cape Charles and 55 miles below Baltimore. 
The shellfish industry is not important and there are no communities 


contributing pollution. 
CHOPTANK RIVER. 


This river, with its tributaries, is the most important one on the 
eastern shore. It enters the bay about 95 miles above Cape Charles 
and 50 miles below Baltimore. Sharps Island lies off the middle of 
its entrance, to the north of which is Tilghmans Island. A narrow 
neck of the mainland marks the entrance on the south. The river is 
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between 3 and 4 miles wide at its entrance, 4 miles wide for 7 miles or 
more above, and navigable for vessels drawing 8 feet to Denton, 
which is 56 miles above the mouth. Numerous navigable tributaries 
enter the Choptank, and there are a number of villages and a few im- 
portant towns on the river or its tributaries. There are numerous 
ovster beds and the oyster and fish industries are important. 

Cambridge.—Cambridge, the county seat of Dorchester County 
and the largest town on the river, is built on the south bank around 
Cambridge Creek about 17 miles above Sharps Island. The town had 
a population of 6,407 in 1910, but there is at present a total popula- 
tion of about 7,500. There are excellent railroad and water transpor- 
tation facilities, and as a consequence there is a considerable trade in 
oysters and farm produce. During the winter season the oyster 
shucking business gives employment to many persons, while during 
the summer the canning industry is a large one. 

The following description of conditions in Cambridge harbor is 
taken from a report of the chief engineer, State department of health. 


Cambridge Harbor is a narrow arm of the Choptank River, penetrating the city for 
some distance and ending in a shallow creek at its upper end. It follows a rather 
crooked course, is somewhat less than a mile long from the steamboat wharf at its en- 
trance to the upper end, and at no point is it over 500 feet in width. The city is built 
up on both sides of the harbor, the two sides being connected by a drawbridge at Mar- 
ket Street, and drainage from adjacent sections finds its way intoit. That portion of 
the harbor south of the bridge is usually spoken of as Cambridge Creek. In this report 
the harbor is considered as including the entire basin. A ditch discharges into the 
upper end of Cambridge Creek; it is dry at most times of the year, as it drains an area 
of flat outlying country which furnishes little or no run-off, except during wet seasons. 
The long, narrow shape of the harbor, together with the small flow of upland water, 
limits any extensive circulation of its water, and during tidal changes there is but little 
in or out movement. The discharge of sewage, which has undoubtedly been going on 
for many years, has caused accumulations of filthy sludge upon the bottom of the har- 
bor, especially near the sewer outlets, as very little chance for removal of the sludge is 
offered by tidal movement. Sucha condition might be borne for a long period without 
creating any great offense, except locally at the sewer outlets, but for the fact that in 
summer, when the canneries commence operations, the large amount of cannery waste 
discharged into the harbor, added to the sewage already there, exhausts all the oxygen 
in the water, the resulting putrefaction causing such highly offensive conditions that 
the vicinity of the harbor is almost intolerable. This extreme nuisance exists for 
nearly three months in the year, and at such times the water becomes so foul that most 
obnoxious odors are produced. Itisno exaggeration to state that the very paint on the 
houses near the water front changes color, due to action of the gases of decomposition, 
and it has been said that even silverware is affected. The hulls of white-painted boats 
are discolored and blackened by the water, and bubbles can be seen rising to the sur- 
face in many places, denoting that active putrefaction is going on in the stinking 
sludge on the bottom of the harbor. Fish life is extinct in the harbor at such times and 
dead fish and crabs have been seen lying upon the shores. The polluted condition of 
the harbor is a grave menace to the numerous oyster bars in the Choptank River, the 
nearest of which is no more than a half mile beyond the harbor entrance. All other 
considerations aside, the city can hardly afford to jeopardize in this way an industry 
which is of so much importance to its prosperity. 
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Samples of water were collected, during 1913, for chemical and bacteriological an- 
alysis from a number of different points in the harbor, beginning at its entrance and 
extending to near the upper end of Cambridge Creek. These samples were taken at 
three different times; in March, in August, just before the beginning of the canning 
season, and in September toward the end of the season. The results of these analyses 
show plainly the effect of the combination of cannery wastes and sewage in the harbor 
in the summer when putrefaction is occurring. While the early results show plain 
evidence of pollution that contributed by the wastes from the canneries aggravates 
the condition immensely. 

During September, 1913, it was found that in the middle portion of the harbor no 
oxygen was present in the water, a condition indicating most active decomposition. 
In normally pure water oxygen should be present in a state of saturation of 100 per 
cent. Its total exhaustion is caused only where the load of pollution is so great that 
all the oxygen contained in the water is insufficient to meet the demands of the decom- 
posing organic matter. Such are the conditions in Cambridge harbor during can- 
ning season, due to discharge of the large volumes of both cannery waste and sewage. 
Such a situation is as needless in a modern community as it is harmful to public health 
and progress. It is indefensible and should be tolerated no longer by the citizens of 
the city. 

Local condition caused at the upper end of the harbor, where the two upper Phillips 
canneries and the Bramble plant discharge their wastes, is also extremely objection- 
able. The liquid wastes from the Phillips canneries are conveyed by means of a ditch 
by the side of Washington Avenue to a culvert discharging into the head of the small 
creek which carries them to the upper end of the harbor where they are discharged into 
shallow water. The rise of the tide causes the waste to be distributed over extensive 
flats and whatever solids are contained in them are deposited as the tide recedes, result- 
ing in an accumulation of filthy, decaying organic matter over a foot in depth. Just 
below the point of discharge of the creek leading from the Phillips’s canneries, the wastes 
from the Bramble factory reach the harbor, resulting in worse conditions still. 

All about the canneries on the water front, as well as at the upper end of the harbor 
where the wastes from the two Phillips canneries and the Bramble factory enter, the 
water is colored a reddish hue, and tomatoes, skins and pulp are seen floating on the 
surface. While the harbor is not so grossly polluted as to be in a state of nuisance 
except during the canning season, there is no doubt but that such a condition will 
occur before many years if the city grows; the discharge of crude sewage both into the 
harbor and into the Choptank Riveris dangerous to public health through the chance 
afforded for the contamination of oyster beds in the vicinity. The only practicable 
and effective methods of bringing about proper conditions are either by treating the 
cannery wastes at the individual canneries and collecting the sewage from the various 
sewers to a point where it would be properly treated and discharged into the river away 
from the harbor mouth; or by collecting and treating the sewage and cannery wastes 
together, after which they would be discharged into the river as under the first 
alternative. 


At the time of the inspection of Cambridge by the Public Health 
Service in January, 1915, there was, of course, no canning going on 
and the harbor, during that period of low temperature and less 
organic matter present, gave less evidence of oxygen deficiency and 
nuisance than during the summer months. The evidence of heavy 
pollution was, however, very apparent even during the winter 
season. 

A study of map No. 6, showing Cambridge harbor and the present 
sewer outfalls, makes it quite evident that the present condition, bad 
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as it is, will necessarily become worse with the growth of the city, 
unless steps are taken to improve the sewerage system. At present 
there is no comprehensive system. There are about 14 sewers in. 
the principal streets of the congested portions of the town, these 
sewers generally discharging at the end of each street running to the 
water front. Of this number four discharge into the harbor on the 
west side, one on the east side, and nine into the Choptank River. 
The five outlets into the harbor serve a portion of the business section 
of the city and a large part of the most thickly built-up residential 
district, so that the amount of sewage discharged into the harbor is 
probably greater than that which goes into the river directly. One 
of the sewers which discharge directly into the Choptank, on the east 
side, receives sewage from a large general hospital. 

The pollution of the harbor is so obvious upon ordinary inspection 
that no laboratory examinations are necessary to determine its unfit- 
ness for shellfish culture. There are no oyster beds in the harbor — 
and, at the time of inspection, there was no evidence of oysters 
being floated therein. Immediately outside the harbor entrance, 
however, there are oyster beds. While the dilution of the sewage is 
very great in the waters of the river and consequently no high counts 
were obtained, the amount of sewage is sufficient, and fresh enough, 
to constitute a constant danger from oysters taken within a con- 
siderable distance of the outlets. 

The Bureau of Engineering of the State board of health has pre- 
pared preliminary plans for a comprehensive sewerage system, 
which will intercept and divert all sewage, including cannery wastes. 
The outlet will be at a point jutting into the river some distance 
below the town. The plans include settling tanks, sludge beds. 
detention tanks, and disinfection of the effluent before discharge, 
They also include a recommendation that certain oyster beds in the 
immediate vicinity of the outfall be condemned. Such a system as 
has been recommended not only will increase the healthfulness and 
attractiveness of the town, but will remove the danger of infectious 
pollution from valuable and extensive oyster beds. the sanitary 
satety of which must now be considered doubtful. 

If the typhoid fever statistics for Cambridge and Dorchester 
County, of which it is the county seat, be compared, the necessity for 
prompt action for the protection of the town itself is apparent. The 
calculations are based upon the census report of 1910, and the typhoid 
returns from January, 1908, to March, 1915. It will be seen that, 
while the population of Cambridge is only 22.3 per cent of that of 
the county, the typhoid returns show that nearly 40 per cent of the 
cases in the county were in Cambridge. 

The water supply is derived from deep wells and is of excellent 
quality, hence it is probable that the morbidity rate would be 
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markedly reduced by the installation of a good sewerage system and 
the abolition of privies and other easily remedied conditions. The 
sanitary conditions in this county have been intensively studied by 
officers of the Public Health Service during the past year under 
direction of Surg. Lumsden. 


Typhoid fever cases reported in Cambridge, Md., from 1908 to February, 1915, inclu- 
sive, } 
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Other principal sources of pollution.—The principal sources of 
pollution in the Choptank, other than Cambridge, are: Denton, a 
town of 1,481 population, 33 miles above Cambridge; Greensboro, a 
town of 609, 6 miles above Denton; Choptank, a village of 200, 
about 12 miles above Cambridge; Warwick River, a small stream 
entering Choptank River from eastward, about 64 miles above 
Cambridge; East New Market, a town of 280 people at the head 
of the river, 3 miles above its mouth, and Secretary Landing, a 
wharf and small community from which there is a considerable 
trade. 

The Choptank has many other tributaries, but in no others above 
Cambridge are there any considerable sources of pollution. 

From a few miles above Warwick River to its mouth the river 
contains extensive and productive oyster beds, and the only area 
of danger seems to be the small bank in the immediate vicinity 
of Cambridge Harbor. The conditions there should be promptly 
remedied, and no oysters taken therefrom under present conditions. 

Harris Creek.—Uarris Creek enters Choptank River from the 
north, just east of Tilghman Island. The entrance between Nelson 
Point on the east and Bar Neck Point on the west is about 22 miles 
wide, but above this the creek is narrow. There are many oyster 
beds. 

The only sources of pollution are Avalon, a village of 100 persons 
2 miles above Bar Neck Point, and Tilghman, a town of 575 persons 
in 1910, about a mile north of Avalon. Both of these communities 
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are on Tilghman Island, near the mouth of Harris Creek. It is 
possible that the sample taken near Spar buoy 2, which was positive 
for B. coli in 1 c. c. quantities, was due to pollution from these towns. 
There are other landings up the creek, such as Wittman Wharf, but 
no sources of considerable pollution. 

The typhoid fever occurring on Tilghman Islend, lying between 
Harris Creek and Chesapeake Bay, appears to be due to the use of 
shallow wells and insanitary privies. The eight cases in December, 
1912, are suggestive of some local temporary cause, such as infected 
food. An outbreak of typhoid fever in Shippensburg, Pa.,in Novem- 
ber, 1915, has apparently been traced to oysters from a shucking 
house on this island in which there was a case of the disease. 


Typhord reported in Tilghman, Talbot County, Md. 


Year. Jan. | Feb. | Mar.| Apr. | May.|June. July.| Aug.| Sept.| Oct. | Nov.| Dec. | Total. 
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Broad Creek.—Broad Creek enters Choptank River from the north 
and on the eastern side of Nelson Point. The creek is 8 miles long 
and extends to within one-half mile of St. Michaels, on Miles River. 
This creek receives no considerable pollution. . 

Tred Avon River.—Tred Avon River enters Choptank River from 
the northeast, the entrance lying north of Choptank River Lighthouse. 
The river is deep and from one-half to a mile wide up to the town of 
Oxford, which is about 2 miles above the lighthouse. The stream 
becomes narrower and shallower up to the town of Easton, about 
9 miles above its mouth. A dredged channel 150 feet wide and with 
8 feet minimum depth leads to the wharf at Easton Point. There 
are several other landings of less importance, including Bellevue, a 
village of 110 persons, opposite Oxford. 

Oxford is a town of 1,191 persons, with few industries. The 
town is on a rather high point of land formed by the Tred Avon 
on the west and north, and Town Creek, a small estuary, on the 
east. ‘The town has no public sewerage system, and ordinary 
privies and wells are used. Little, if any, direct sewage enters the 
Tred Avon from Oxford, but oysters should not be taken for food 
from Town Creek. 
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Easton is a thriving town which had a population of 3,083 in 1910. 
_ The population now approximates 3,500. There is a public sewerage 
system. The results obtained from the examination of 20 samples 
of water or shellfish indicate that no serious pollution reaches the 
oyster beds of the Tred Avon from the Easton disposal system. 
A further study of the upper beds should, however, be made. The 
typhoid rate of Easton does not differ markedly from that of Talbot 
County as a whole. There has not been over one case per annum 
reported from Oxford. One case was reported in each of the fol- 
lowing months: August, 1910; September, 1911; and November, 
1914. 


Typhoid fever reported in Easton, Md., from 1908 to January, 1915, inclusive. 
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EASTERN BAY AND TRIBUTARIES. 


Eastern Bay has its entrance on the eastern shore of Chesapeake 
Bay, about 106 miles above Cape Charles and 40 miles below Balti- 
more. Itis a large, irregular body of water from 24 to 5 miles broad 
and 10 miles east and west and is the approach to several rivers and 
creeks of importance. Kent Point is the northern and Poplar Island 
the southern point at the entrance. The bay and its tributaries have 
extensive shoals composed chiefly of oyster beds, and there is a con- 
siderable trade in farm produce and oysters. This vicinity is a fav- 
orite summer resort, and the population is considerably increased by 
visitors during the hot weather. 

Claiborne, a village and railroad terminal for the road to Ocean 
City and the seashore, is about 4} miles east of Kent Point. The 
village has a permanent population of less than 100 and is of conse- 
quence only as a shipping point and gathering place for summer 
boarders in near-by houses. 

Oox Creek, Crab Alley Bay.—Cox Creek enters Eastern Bay from 
the north, 23 miles northeast of Kent Pomt. Shipping, Warehouse, 

17152°—Bull. 74—16——4 
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and Thompsons Creeks are navigable tributaries. There seems to be 
no direct pollution entering Cox Creek. Crab Alley Bay enters 
Kastern Bay just west of Cox Creek. It is over a mile wide at its 
entrance, but like Cox Creek is much obstructed by shoals and oyster 
beds. 

Of the 40 samples of oysters and water taken in Eastern Bay and 
tributaries during January, 1915, three samples of oysters gave 
B. colt scores indicating some pollution. (See table at end of report.) 
The samples from bed 34, off Long Point, which gave a score of 50, 
and the one from bed 40, off the mouth of Shipping Creek, which 
gave a score of 32, were taken when the water was 3°, and 3.8° in 
open water away from the shore. The sample from bed 59, Crab 
Alley Bay, which gave a score of 32, was also taken in midwinter, 
the water being 3.8°. These are excellent examples of how mislead- 
ing may be a decision as to the sanitary safety of shellfish, based only 
upon a laboratory examination of single samples of shellfish. It is 
probable that the pollution was due to wash consequent upon the 
rains. ‘The samples of water taken at the same time do not, however, 
show any considerable pollution. 

Kent Island Narrows, Wye River.—Kent Island Narrows is a narrow 
passage between Kent Island and the mainland connecting the 
northern arm of Eastern Bay and Chester River. 

Wye River enters the eastern end of the bay. This river has 
several branches, the channel is narrow and crooked, and no direct 
pollution of consequence enters the river. 

Miles Rwer, St. Michaels.—Miles River, entering the head of 
Eastern Bay from the southeast, is the most important tributary 
and is the approach by water to St. Michaels, a small town on the 
west bank of the river, about 7 miles above Tilghmans Point and 14 
miles above the entrance to Eastern Bay. St. Michaels has both rail 
and water transportation and there is a considerable trade in oysters 
and farm produce. There are several oyster-shucking houses located 
on a small cove or estuary on which are wharves and small shipyards 
and around which the community has been built. The town had a 
population of 1,517 in 1910 and does not appear to be growing, 
probably owing to the proximity and superior transportation facilities 
of Claiborne. There is no public sewerage system. A public water 
supply is derived from artesian wells, but there are shallow wells and 
the ordinary type of privies. | 

Typhoid fever is said to be prevalent in the summer months, 
though the report made to the State board of health shows few 
cases. ‘Thus no cases were reported in 1908, 1910, 1911, 1912, 1913. 
One case was reported in August, 1909; three cases in July, one case 
in August, five in November, and one in December, 1914. 

Oysters are said to be brought from the beds outside the cove 
and put overboard on beds in the cove. One tonger was noticed 
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on the date of inspection. While the score of 2 in oysters and B. coli 
absent in 1 c. c. but present in 10 c. c. of water do not show heavy 
pollution, the practice of using the beds in the cove is believed to 


be unsafe. 
CHESTER RIVER.! 


This important river enters the eastern side of upper Chesapeake 
Bay, about 124 miles above Cape Charles, opposite the mouth of 
Magothy River and southeast of, but nearly opposite, the mouth 
of Patapsco River. Swan Point, on the northern side of the entrance 
to Chester River is a little north of east of Bodkin Point, on the 
southern side of the Patapsco entrance. The river is important as 
the approach by water to the towns of Queenstown, Centerville, 
Chestertown, and Crumpton, and to a number of small villages and 
landings which have a considerable trade in oysters and farm produce. 

Jones Landing, 39 miles above the mouth, can be reached by ves- 
sels of 7 feet draft. Queenstown Creek, or Harbor, on the east 
bank of the river, 9 miles above its mouth, is the harbor for Queens- 
town, a community of 279 persons, from which large shipments of 
oysters are made. There is no public sewerage system. 

Corsica River, Centerville-—Corsica River, on the east bank of 
Chester River, about 15 miles above Love Point Lighthouse, is the 
approach to the town of Centerville, which is about 5 miles above 
the mouth of the river. The steamboat landing is 1 mile below 
the town. Centerville has a population of about 1,435. The town 
has a high typhoid fever rate, as is shown by the following table: 


Typhoid fever reported in Centerville, Queen Annes Couhty, Md. 
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The periodicity of the disease points to a generally insanitary 
condition, and “‘food, fingers, and flies,’”’ rather than to water alone, 
as the causative factors. 

Love Point.—Love Point is a long tongue of land, which is on the 
south side of the entrance of the Chester River from Chesapeake 


1 See maps Nos. 5 and 7. 
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Bay, and is a railroad terminal with a large wharf for steamboats. 
There are few residents in the neighborhood. 

Chestertown.—Chestertown, the county seat of Kent County, is: 
a thriving town on the west aed of the river, about 26 miles above: 
Love Point Lighthouse. The town had a population of 2,735 in 1910: 
and has about 3,500 now. There is a public sewerage system, to 
which about 60 per cent of the houses are said to be connected. 
The sewage is discharged untreated into Chester River. The public. 
water supply is derived from a gang of deep wells in a bottom on. 
the outskirts of the town. At the time of inspection, March, 1915, 
wells were being equipped several hundred yards farther down the 
hollow and it is understood that the pumping station will be moved. 
Ordinary privies are numerous and it is probable that a material 
reduction in the morbidity rate would follow enforced sewer con- 
nections or the introduction of a sanitary type of privy. 


Typhoid fever reported in Chestertown, Md. 
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The bacteriological examination of river water (January, 1915), 
showed B. coli present in 0.01 c. c. at Chestertown; the nearest 
oyster beds, however, are between Primrose Point and J arretts Creek, 
6 or 7 miles below the town, and the highest content in that section 
was B. coli present in 10 c.c. The total amount of direct sewage 
discharged into Chester River is inconsiderable compared with the 
volume of the water in the river. 

Nearly the entire bottom of the lower river is composed of oyster 
beds, and large quantities of oysters are caught and shipped from 
this area. In view of the importance of the area, therefore, and the 
relative positions of the Chester and Patapsco Rivers, it is pertinent 
to inquire into the chance for pollution from the latter river reaching 
the beds at the mouth of the Chester River. Ebb tide at Seven Foot 
Knoll continues about an hour after the flood sets into the Chester; 
if the intervening waters of the bay channel were passive and 
quiescent there would be such opportunity. The tide, however, in 
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the channel at this time is running upward and no such danger exists. 
The examinations of oysters and water from this important area 
show good sanitary conditions. (See table.) 


ABOVE CHESTER RIVER. 


The only tributaries entering Chesapeake Bay from the Eastern 
Shore above Chester River are the Sassafras, Bohemia, and Elk 
Rivers, and Back Creek, at the head of which is the western entrance 
to the Chesapeake and Delaware Canal. Northeast River enters the 
head of Chesapeake Bay. No considerable direct pollution enters 
the bay from these rivers, except possibly from Northeast and Elk, 
and no shellfish grow in or near them. 

Tolchester Beach is a popular summer resort on the Eastern Shore 
nearly opposite the upper oyster beds, but the population during the 
oyster season, according to the census of 1910, was only 20. 


CONCLUSIONS. 


The following conclusions are to be made concerning the “Bay 
Side’’ of the Eastern Shore: 

1. No oysters are planted in Little Annemessex River, a tributary 
of Tangier Sound; but to the east of Crisfield, which is located 2 miles 
above the mouth of the river, is a wide pond in which oysters are 
sometimes kept. The taking of oysters from this lagoon should be 
forbidden. 

2. Although there was evidence of heavy pollution in the harbor 
of Cambridge on the Choptank River, no oyster beds are in the harbor, 
and at the time of inspection, there were no signs of oysters being 
floated in the harbor. Immediately outside the harbor entrance, 
however, there are oyster beds. While the dilution of the sewage is 
very great in the river, the amount is sufficient to constitute a danger 
from oysters taken within a considerable distance of the sewer outlets. 
The Maryland department of health has undertaken a comprehensive 
sewerage system, which will not only increase the healthfulness of the 
town, but will remove the danger of infectious pollution from valuable 
and extensive oyster beds. 

3. With one exception, all of the tributaries of the Choptank River 
having oyster beds may be considered safe. They do not furnish 
any dangerous pollution to the Choptank. The exception is Town 
Creek, which enters the Tred Avon at Oxford. No oysters should be 
taken from this creek. Although it would appear, on the basis of 
one examination, that no serious pollution reaches the oyster beds of 
the Tred Avon from the Easton sewage disposal system and similar 
points, a further study of the upper beds of the river should be made. 

4. Other beds in the tributaries entering Chesapeake Bay from the 
east may be considered safe for the production of oysters. 


“WESTERN SHORE.” 


SUSQUEHANNA RIVER.! 


This is the first tributary to enter Chesapeake Bay and the largest 
river discharging into it. This great stream has a drainage area of 
24,000 square miles in the States of Pennsylvania and New York, 
with a mean annual discharge of 28,500 second feet, varying from a 
maximum of 325,000 in March to a minimum of 3,570 in August 
(Water Supply Paper 281, U.S. Geological Survey, 1912). The total 
population living on the watershed is about 2,812,000, of whom ap- 
proximately 395,000 are in New York, 17,000 in Maryland, and 
2,400,000 in Pennsylvania. The aggregate amount of pollution, 

_both domestic and industrial, received along its course is very great. 

Havre de Grace is a town with a population of 4,212 on the western 
bank at the entrance of the river. There is a public sewerage system, 
from which the sewage is discharged untreated into the river, and 
a public water supply pumped from the Susquehanna River and 
treated in a mechanical filter before delivery. Port Deposit, with a 
population of 1,394, and Perryville, with a population of 635, are 
communities on the east bank of the river just above its entrance. 

The nearest cities of large size which contribute sewage to the river 
are Harrisburg, with a population of 64,186; Steelton, with a popu- 
lation of 14,246; Columbia with 11,864, Lancaster with a population 
of 47,227, and York with a population of 44,750. 

Harrisburg is on the Susquehanna River about 80 miles above its 
mouth and Steelton a few miles farther down. Columbia is on the 
same river, 40 miles from Havre de Grace. Lancaster is on the Con- 
estoga, 15 or 20 miles above its junction with the Susquehanna, about 
35 miles above its mouth. York is on the Codorus, a few miles 
above its entrance into the Susquehanna, and about 55 miles above 
Havre de Grace. 

The Susquehanna River from Harrisburg to Port Deposit, the 
head of navigation, consists of a series of rapids. The great dam at 
McCalls Ferry probably serves as asettling basin for much of the sus- 
pended matter from above. 

Nature of Susquehanna as purification factor.—The river is about 1 
mile wide at its mouth, debouching abruptly into a quadrilateral area 
approximately 5 to 6 miles wide; about 6 miles below the entrance to 
the river the shores again approach each other so that Sandy Point 
and Turkey Point are only 24 miles apart. In consequence of the 


1 See maps No. 1 and No. 7. 
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water suddenly emerging from the narrow river into this wide area, 
there is a great slackening of the current, and this factor, together 
with the presence doubtless of some sea water, has resulted in the 
deposit of silt and the formation of great areas of flAts. There is a 
considerable growth of aquatic plants on these flats and on the flats 
to the north side of the bay channel; and from them come both free 
oxygen and those forms of organic matter suitable for food for the 
oyster.' 

While the principal sources of pollution of the Susquehanna are 
quite distant, and most of it is disposed of by sedimentation and by 
time, biological, and chemical factors it is evident from the samples 
taken that considerable pollution is present in the river and in that 
portion of the bay nearest it, at least during periods of heavy stream 
flow. Of 20 samples of water taker. between Havre de Grace and 
Pooles Island, all contained B. coli in 10 c. c., and 11 inl.c.ec. Itis 
believed, however, that this pollution constitutes no danger to shell- 
fish beds. 

Beds near Pooles Island.—The uppermost beds in Chesapeake Bay 
are about Pooles Island, which is about 20 miles below the mouth of 
the Susquehanna River; 4 miles from the upper mouth of Back 
River, and 12 miles from Patapsco River. The waters of this region 
from Pooles Island down to the middle grounds opposite the Patapsco 
are similar to those in the Potomac between Cedar Point and Popes 
Creek, those in the James above White Shoals, and those in the Rappa- 
hannock River about Bowlers’ Rock. Under favorable conditions 
of stream flow and salinity, oysters propagate and grow very rapidly, 
but unfavorable conditions occur frequently enough to prevent the 
growth of old and large oysters; as a consequence the oysters from 
this region are used for seed purposes, or, during favorable seasons, 
for steaming and canning. The sanitary conditions found in this 
area are discussed in connection with the Patapsco and Back rivers. 
(See page 59.) 


BACK RIVER AND BALTIMORE SEWAGE EFFLUENT. 


Between the Susquehanna and Patapsco rivers, the Bush, Gun- 
powder, Middle, and Back Rivers discharge into the Bay from the 
west. Many gun clubs and summer residences have been built on 
the shores of these streams, and there are several summer resorts on 
the shores of the bay. No considerable sewage, however, enters the 
bay from any of these sources except from Back River, into which is 
discharged the effluent from the Baltimore sewage disposal plant. 

Back River enters Chesapeake Bay about 3 miles above North 
Point at the entrance to Patapsco River, and runs northwestward 
for about 8 to 9 miles. The river is shallow throughout, though 8 


1 See Report on Potomac River, Hyg. Lab. Bull. 104. 
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feet draft can be carried for about 3 miles or less, and it varies in 
width from three-fourths to 1 mile except near the head and at a nar- 
row section opposite Todd Point, where it narrows to one-half mile. 
Hart Island lies immediately in front of the entrance; hence there are 
two openings, the one on the west being only about 1,000 feet wide 
and from 2 to 4 feet in depth. The larger opening is over a mile wide, 
the river changing its direction at Rock Point from southeast to 
northeast and emptying into Hawk Cove. The relative sizes and 
depths of the two entrances make it evident that most of the ebb 
flow is through the latter entrance. 

The river has a small watershed and there are a few small resorts 
and residences along its shore. The importance of the estuary from 
one standpoint lies in the fact that into it, about 6 miles above the 
entrance, is discharged the final effluent from the great sewage dis- 
posal plant of the city of Baltimore. This plant is a part of the gen- 
eral plan to relieve the Patapsco River and Baltimore Harbor by 
constructing a modern sewerage system with a disposal plant dis- 
charging the effluent elsewhere. The following description was writ- 
ten by Sanitary Engineer Leslie C. Frank: 


The Baltimore sewage treatment plant was designed and constructed in three main 
stages. The first stage was designed in 1906. The design represented the best practice 
in the art of sewage treatment at that time. This first stage consists of preliminary 
coarse screen chambers designed to serve 1,000,000 people; a meter house with five 42 
by 21-inch Venturi meters; three preliminary, plain sedimentation tanks, each of 
3,300,000 gallons working capacity; three preliminary sludge digestion tanks, each of 
146,000 cubic feet capacity; a single sludge bed 100 by 400 feet in area; a sprinkling 
filter control house; 12 acres of sprinkling filters, each acre serving 20,000 people; two 
final settling basins to serve 600,000 people; a hydroelectric powerhouse, generating 
power from available head in the treated sewage, and a final effluent conduit discharg- 
ing into Back River. 

The second stage was designed in 1912 and consists of 18 additional acres of sprink- 
ling filters, modified from the original design for increased construction and operation 
efficiency. These 18 acres of sprinkling filters serve an additional population of 360,- 
000 people and increase the total sprinkling filter capacity to 600,000 people. 

The third stage was designed in 1913 by Sanitary Engineer Leslie 0. Frank of this 
service and increased the preliminary sedimentation and sludge digestion capacity to 
600,000 people, at the same time taking advantage of appreciable advances in the art 
of sewage treatment which had been made subsequent to 1906. This third stage in- 
cludes twenty-eight 40-foot diameter Imhoff tanks, sixteen 40-foot diameter separate 
sludge digestion tanks, both types of tank being about 25 feet deep, and 260,000 square 
feet of sludge drying beds. 

The preliminary coarse screens are cleaned by hand rakes, and screenings are 
accumulated and dried on the ground surface. The procedure adopted in operating 
the preliminary sedimentation tanks is to keep a given tank in operation until it 
shows signs of undesirable septic action. Then the supernatant liquid is pumped 
off into one of the other tanks and the residual sludge pumped into one or more of 
the three preliminary sludge tanks. The emptying and cleaning operation consumes 
at present somewhat less than a week per tank per cleaning. 

The operation of the present three sludge digestion tanks has not as yet proceeded 
to a stage where it is possible to state with finality the degree of satisfaction they will 
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eventually afford. The sludge in them possesses the normal characteristic odor of 
properly digested sludge (faintly like warm sealing wax) but often shows a rather 
high moisture content and dries somewhat slowly. Ou the whole, however, the 
results obtained with the separate sludge digestion tanks at Baltimore are decidedly 
gratifying. 

The Imhoff tanks, cylindrical sludge digestion tanks, and sludge drying beds 
designed as the third stage are now practically completed so that in the near future 
part of the raw sewage after passing the coarse screens will pass through the Imhoff 
tanks and the rest through the plain sedimentation tanks. The subsequent operation 
schedule will be similar to that obtaining at present. The effluent from the plain 
sedimentation tanks will pass through fine-mesh screens and the combined flow from the 
Imhoff tanks and plain sedimentation tanks will then be applied to the sprinkling 
filters, the sprinkling filter effluent passing through final settling tanks and thence 
through the hydroelectric powerhouse into the main outlet conduit. 

The sewage flow at the treatment plant is expected to amount to about 75,000,000 
gallons per day from the 600,000 population above referred to. A considerable portion 
of the total population of Baltimore has already been provided with sewer connection, 
and within a year or two the remaining portion will be likewise provided. 


The tidal current in the river is very slow and a large deposit of 
solids is present, from the outfall down. There is a gradual change 
on the bottom, from liquid through suspended matter to a light 


deposit of considerable depth over the natural bed of the estuary. 


Two inspections with the collection of 13 samples of water were 
made by the Bureau of Chemistry on February 5 and April 10, 1914; 
one inspection was made June 27, 1914, by the Public Health Service 
and Bureau of Chemistry, at which time seven samples were taken, 
and subsequently samples were taken February 25, 1915, by this 
service. . 

There is a considerable odor and discoloration to the water in the 
neighborhood of a line between Cox Point and Weatherby Point 
near the outfall and these decrease as the stream is descended, The 
following results were obtained from samples collected at the above 
described line (station 1, map 7): 


Results obtained from samples collected at station 1. 


[Bacteria per c. c.] 


Dissolved oxy- 


Tem- gen. 
per- rb ee Cas B. coli 
: coun con- 
Date. Tide. a © | on agar ey firmed] yo Per- 
water — 8 centage 
her sati- 
ration. 
1914. Mg C:'C; te 
Cee... Ree Oe 8 eae ee. ee Flood. 6.2 1,560 | 0.1 0.1 7.42 61. 02 
ESS TOR Se Sa oe eet oo ee Se See Ebb. . 9.8 80,060 | .001 - 001 8. 10 72.00 
SE goth et? Re a PRE Flood. 21.0 285,000 | .0001 . 0001 A, 28 OSelt 


These results contrast sharply with those obtained from the station 
between Rocky and Creekhold Points, 54 miles farther down. (Sta- 
tion 7 on map 7.) 


58 POLLUTION OF TIDAL WATERS OF MARYLAND AND VIRGINIA. 


Results obtained from samples collected at Station ”. 


[Bacteria per c. c.] 


RR TR RR are ee se 


Dissolved oxygen. 
Tem- Total Gas B. coli 
Date. Tide. | perature | count on! formers | confined Percent 
of water. | agar 37°} in— in— | Mgs. per pasa 
liter age Satu- 
ration. 
SS a Se a ne eet gt ee te ee ey es tee 
1914. x CnC CAs 
BADSS. Jt ces pees cs tte. ot Flood 4.2 580 0.1 =—0.1 |. 11.60 90. 98 
BNE WOE oe, : 5 ewe eke la a gt Hibbs. 8.8 4,200 —0.1 —0.1 10. 53 91.72 
POMS BT SI S055. FSET AL .--do 28.7 95 —0.01 —0. 01 7.48 97. 66 
1915. 
Rebs eas isc e. 05! eee ow bt eaees Paden 025 400 +0.1 OMS AIR BASoassese 


Samples taken near the mouth of the gap between Millers and 
Hart Islands (Station 12) showed B. coli in one instance present in 
Ic. c., with a 37° count of 820; and at two other times B. coli absent 
in 0.1 and in 0.01 ¢. ¢. quantities, with 37° counts of 1,300 and 125. 
Combining all samples taken in the Back River and immediately 
outside the entrances, there were: Of 36 samples, 9 negative for 
B. coli in the largest quantities used, these being 1 ¢. c. or less; 27 or. 
100 per cent of the remainder showed B. coli present in 10 c. c. quan- 
tities; 26 out of 36, or 72 per cent, showed B. coli in 1 c. c.; 8 samples, 
or 22 per cent, in 0.1 c.¢.; 3, or 8.3 per cent, in 0.01 «. c.; 2, or 6 per 
cent, in 0.001 quantities, while one showed B. coli in 0.0001 c. c. 

By stations down the river from the outfall the results were as 
follows, the last station being 14 miles outside of Hart Island and 
not fairly attributable to Back River alone: 

Station No. 1.—3 water samples; 3+in 0.1; 3+in 0.01; 2+in 0.001; 1+in 
0.0001 c. ¢c. 
2.—3 water samples; 3+in 0.1 c. c. 
3.—3 water samples; 2+in 10; 1+in 1; 1-in0.le. ec. 
4.—1 water sample; 1—in 0.1 c. e. 
5.—2 water samples; 2+in lc. ec. 
6.—l1 water sample; 1-++in lc. c. 
7.—6 water samples; 5-++in 1; 1+in 0.1; 1—in 0.1c. c. 
8.—l water sample; 1—in0.1c. ec. 
No. 9.—3 water samples; 2+in 1; 1—inlc.c. 
No. 10.—2 water samples; 2—in 1c. ec. 
No. 11.—3 water samples; 3+-in 1; 1+in 0.1 c¢. e. 
No. 12.—3 water samples; 2++-in 0.01; 1—in 1c. c. 
No. 13.—5 water samples; 4+in 10; 2++in 1; 1—in 0.1 ec. e. 


22 2 2 i 
Sos 9959 


It is not believed that the improvements now under construction will 
lessen materially the amount of pollution discharged from Back 
River into Chesapeake Bay because of the increased burden as the 
amount of sewage is increased. 

In view of the environments and laboratory findings, shellfish from 
the immediate vicinity of the entrances to Back River are to be con- 
sidered ‘unsafe for consumption as food. This is especially true of 
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clams and oysters gathered during the summer months along the 
foreshore. The result of investigations of the flats in general is dis- 
cussed in connection with Patapsco River. 


PATAPSCO RIVER AND BALTIMORE HARBOR.! 


The Patapsco River discharges into Chesapeake Bay from the 
northwest, 140 miles above Cape Henry Lighthouse. Between Bod- 
kin and North Points, the southern and northern points at its en- 
trance, the river is about 3} miles wide; this width gradually de- 
creases, and at Fort Carroll, 64 miles above Bodkin Point, it is about 
12 miles wide; the river again widens and then contracts until abreast 
of Fort McHenry, east of which is Baltimore Harbor. The river 
turns westward at Fort McHenry, and 14 miles farther up is crossed 
by a drawbridge through which Middle Branch is entered. Curtis 
Creek is an important tributary; its entrance, Curtis Bay, is in the 
western bank 1} miles above Fort Carroll and has a general depth of 
25 feet. There are many wharves along the creek, and at the head 
of the bay at South Baltimore are the railroad pier and coal pockets 
of a branch of the Baltimore & Ohio Railroad. The United States 
Coast Guard Depot is on Arundel Cove 14 miles up the creek. There 
are eight or nine other, but unimportant tributary creeks, in which, 
however, no oysters are grown, and the pollution by them is incon- 
siderable compared with that from Baltimore Harbor. 

Baltimore Harbor makes northward between Lazaretto Point on 
the east and Fort McHenry, 500 yards distant, on the west. Above 
this line it has a width of 850 yards to Fells Point, where it narrows 
to 400 yards. Its width gradually decreases to the head of the harbor, 
which is about 24 miles above Fort McHenry. The upper end above 
the City Dock is called ‘‘The Basin” or ‘The Hole.” 

Population and industries of Baltimore.—The city of Baltimore, 
situated around the harbor and on the shores of Patapsco River, has 
a very large foreign and coasting trade, is one of the great coaling 
ports of the world, and is the principal market for the farm produce 
and oysters from Chesapeake Bay and its many tributaries. Balti- 
more is thought to be the first city in which oysters were opened and 
canned for shipment and is now perhaps the greatest oyster market 
and distributing center in the country. In 1910 the population was 
558,485, and the city limits included an area of 30 square miles. The 
present population approximates 600,000. 

Baltimore sewage problem and solution.—Until within a few years 
ago Baltimore was perhaps the most backward city of her size in this 
country in the disposal of her sewage. Slop and drain water ran from 
houses to the gutters to find its way into sewer openings. Jones 
Falls, a rapidly flowing stream which runs through the center of the 


1See map No. 7. 
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city, received a large part of the sewage from outfalls distributed along 
its course, and conditions were offensive and dangerous, relief coming 
only when floods swept the stream and low-lying parts of the city. 
Jones Falls discharges into the Basin near the City Dock and the 
odors from the waters of that small and almost tideless basin were 
almost intolerable as they were agitated by vessels. A few hours 
were sufficient to darken vessels painted with white lead, so large an 
amount of hydrogen sulphide was present, and no fish life except eels 
existed in the water. 

About 1906 a large bond issue provided funds for a complete 
modern sewerage system, the construction of which began about 1910. 
This system already includes the present great disposal plant on 
Back River and the construction of a concrete thoroughfare over the 
confined waters of Jones Falls. The reconstruction of the whole 
Sewerage system is well under way and in a year or two the whole 
city population will have been connected with the system. 

The objects to be attained are the relief of the harbor and river 
from excessive pollution, the construction of a complete sewerage 
system, and the disposal of the sewage in Back River, after treatment 
which will prevent the effluent from carrying infectious pollution to 
the oyster beds in the upper bay. In studying the results obtained 
in the present investigation, it should be remembered that conditions 
in both Patapsco and Back Rivers, and consequently in the neigh- 
boring waters of Chesapeake Bay, are still in a state of transition. 

Tides and currents.—The mean range of tides in Baltimore Harbor 
is about 1 foot. Observations made by the United States Coast and 
Geodetic Survey show the following velocity of tides: 


Velocity of tides in Baltimore Harbor. 


Velocity per hour. 
ea Period 


PTs Oe Te Date. of obser- 
Flood. | Ebb. Seca 
Knots. Knots. Days. 
100 yards off Fort McHenry............-.-..----- 0.1 0.08 | January to June, 1903... 25 
550 yards 8. 7° W. Ft. Howard Light.......---.... a 4 -30 | May 28 to 29, 1867..... 1 
At Black Can Buoy 193, edge of channel between 6 -40 | May 30, 7 as Pee 4 
North Point and Rock Point. 
1,100 yards 8. 48° W. Rock Point..............-.. -3 -40 | May 31-June 4, 1867... 2 
At L ight Buoy 1 B on channel mile below 193.. -8 1.00") <Fune'D, Peo" = SS. 4 
245 yards N. of Red. Spar. 8 B (about 3 miles be- 6 .5 | June 7'to 255 ABT bt... 14 


low buoy 1B). 


The above results show the almost currentless condition of the 
basin, even at its entrance 1? miles or more below Jones Falls, the 
principal source of pollution. Calculating the duration of one ebb 
tide as about six hours, the movement during that period would be 
only about 2.70 miles before a flood tide of nearly equal velocity and 
duration would tend to return the polluted water. Thus, prac- 
tically, it is only by slow diffusion that pollution from these sources 
reaches the lower waters. The average tidal velocities, from the 
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basin to about 3 miles below the entrance to the Patapsco River, are 
about 0.43 knot for flood tide and 0.45 knot fov ebb tide, or an ebb 
excess each 24 hours of only 2.4 nautical miles. 

Observations taken between the mouth of the Patapsco and the 
lower opening into Back River are as follows: 


Duration 
Flood. | Ebb. Date. of observa- 
tion. 
Days. 
ae miles 8S. 23° W. Hart Island Light...........-. 0.15 0.23 | Apr. 28 to May 7, 1897. 14 
24 miles S. 28° W. Hart Island Light............. 0.50 OQ. OSs Many Die VEGT oo. ace 4 
450 yards W. Hart Island Lower Range.......... 0. 60 OL1O" | Fane's WS67 $s. 5- - cae 5 


A comparison of the relative times of high and low water 
(Tide Tables, U. S. C. and G. Survey) shows that high water occurs 
48 minutes, and low water 36 minutes, later at Rocky Point near 
the entrance to Back River than at North Point at the entrance 
to Patapsco River. 

Bacteriological samples.—Eighty-three samples of water were taken 
in the channel of Patapsco River; of these 63 showed B. coli present 
in 10 c. c. quantities. The remaining 20 were negative in high 
dilutions and were not worked in 10 c. c. quantities; 8 samples were 
positive in 10 c. c. but absent in 1 ¢. c.; 55 samples showed B. coli 
in 1 c. c.; 33 showed B. coli in 0.1 ¢. c. quantities; 13 in 0.01 and 1 in 
0.001 c. c. In percentages, 100 per cent of those worked in 10 c. ¢ 
quantities were positive for B. coli; of 83 samples 66 per cent con- 
tained B. coli in 1 ¢. c. quantities; 40 per cent in 0.1 c. c. quantities, 
and 16 per cent in 0.01 c. c. quantities. 

The following results obtained by the Bureau of Chemistry, 
Department of Agriculture, show the marked deficiency of oxygen 
at the outlet of the basin, the influence of temperature upon the 
efficiency and the recovery to normal as the river is descended. 


Results obtained by Bureau of Chemistry at outlet of basin. 


Tem- hols Dissolved oxygen. 
: ; Date col-} Per | Bunitt h popes 
Sampling station. lected. ae © | Tide. | in— Jon agar| po. | Mgs. |Percent 
water. 37° | quired. Hie: oor 
‘i at 
Between Lazaretto Point and Fort |! Feb. 6 3.8 | Ebb.. 1,000 3.9 9. 58 75. 97 
McHenry. 

2 a metered 3 Spear lie Ls 4 1 Mar 13 1.2 | Flood. 1 68 GPS TEIOT 85. 44 
2 spe. Ses os ee See oe: SE Apr. 10 8.312 600,.. e1. 1, 800 4.5 | 10.28 90. 49 
RN oa ee ne June 26 25.3 | Ebb. -O1 | °2; 750 6.1 2.68 32:25 
oi. Sverrows Point: .. ...-2:-.0. .. 1 Feb. 6 3.8 do. 1 2,300 3.1] 10.67 82. 84 
MEE Bhasin ~~ ha shen sence 1 Mar. 13 1.2 | Flood.| 10 50 4.2| 12.63 95.90 
WL. he eet. ASE A Roe Apr. 10 8.6 do../— .1 600 3.9 | 10.99 95. 65 
(2S gepcd 2 eginery boy bgt inabea tiem Sie June 26 25.8 | Ebb. .|— 1 125 4.1 6. 96 87.65 
Intersection of old and new channels}! Feb. 6 DEG) ls A. ah. “L 14, 600 ZO, § ERC29 91.74 
SE RT De aa hn wb aoe eee nn 1 Mar. 13 1.2 | Flood .|—10 36 4.5 | 12.80 96. 60 
ee a Apr. 10 8.4 |...do.. 1 900 S774 31.38 96. 99 
Soe 2 pie at Fi eipepeetnest py onal June 26 25 Ebb. .|— 1 80 4.2 5. 82 72.57 


1 The samples for bacteriological examinations collected in February and March were sent to the Hy- 
pode va gaa and owing to delay in receiving them, not much importance should be attached to 
ose resul 
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Results at stations in Patapsco River. } 


Station No. 1.—Upper end of basin; 2 water samples; 2+ in 0.1 c. c. 

2.—Below Jones Falls; 5 water samples; 5+ in 0.1, 2+ in 0.01, 1+ in 
0.001 c. c. 

3.—Off Locust point; 1 water sample; 1+ in 0.01 c. c. 

4,.—Off B. & O. pier above Fort McHenry; 3 water samples; 3+ in 0.01, 

1+ in 0.001 ¢. c. 

5.—Off Lazaretto Point; 11 water samples; 9+ in 1, 7+-in 0.1, 3+ in 0.01 
CC, 2-10 1c. 

6.—Seven-eighths mile below No. 5; 5 water samples; 5+ in 1, 4+ in 0.1, 
2+ in 0.01 c. e¢. 

7.—One and one-half miles below No. 6, opposite Fishing Point; 10 
water samples; 9+ in 10, 8+ in 1,54 in 0.1, 2+ in0.01,1—inlc.c. 

8.—Off Fort Carroll; 12 water samples; 10+ in 10, 8+ in 1, 2+ in 0.1, 2— 
HO Ales e. 

9.—Two miles below No. 8, off Sparrow Point; 11 water samples; 8+ in 
10, 6+ in 1, 1+ in 0.1, 8—in 0.1 c.c. 

10.—Two and one-half miles below No. 9 off Bar at entrance to river; 17 
water samples; 8-++ in 10, 6+in 1, 34+ in 0.1,9—inle.c. 
11.—Seven Foot Knoll, 2 miles below No. 10; 6 water samples; 3+ in 10, 

2+ inl, 3—inlc.c. 

The gradual and constant decrease in amount of pollution from the 
basin downward is only partly due to dilution by flood waters from 
the bay; for, as is shown by the above tidal data, the time factor is of 
very considerable importance, and the death rate of intestinal organ- 
isms must be very great. 

The flats between Pooles Island, the upper bay channel, and the 
entrance to Patapsco River probably receive all of their pollution 
from the Patapsco and Back Rivers. Of five samples of water taken 
in the neighborhood of Station 13, four were positive in 10 ¢. c., two 
in 1 c. c., and one was negative in 0.1 ¢. ¢. 

Of the 31 samples of water from all over this area 4, or 13 per cent, 
showed B. cola absent in 10 c. c. quantities; 7, or 22.5 per cent, pres- 
ent in 10 c. c. but not in 1 c. c. quantities; 22, or 71 per cent, present 
in 10 c. c.; 18, or 42 per cent, present in 1 c. c.; 1 near the entrance 
off North Point showed B. colt present in 0.1 ¢. ¢., and 1 each was 
negative in 1 and 0.1 ¢. ¢., respectively. 

Oyster beds.—So far as could be ascertained by inquiry and from 
the official map of oyster areas of the State of Maryland, no oysters 
are grown or floated in Patapsco or Back Rivers, except a small 
lump off Sparrows Point. There is a small area (bed No. 3, Baltimore 
County) situated on the middle ground or flats above described. 
This area is about 3 miles southeast of North Point, at the entrance 
to Patapsco, and the same distance to the south from the small 
entrance to Back River. A sample of oysters taken from the area on 
February 5 by representatives of the Bureau of Chemistry and shipped 


1 See map of Chesapeake Bay, Sandy Point to head of bay. 
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to the Hygienic Laboratory scored 32, with a bacterial count on agar 
at 20° of 122,000. While this is not a very high score, it is probably 
more than they would have scored had they been examined at once 
instead of after a delay of five days in shipment. A large bed con- 
taining several hundred acres lies on a middle ground between a 
swash channel, which runs downward from near Pooles Island to 
near the Middle Ground Light, and the main channel of the bay (bed 
No. 1, Baltimore County and No. 6, Kent County). Of 11 samples 
of oysters taken on these beds, one which was taken under the 
same conditions and subject to the same delay as the sample just 
discussed, scored 41, with a total count at 20° of 510,000 ; no water 
sample is recorded with it. Of the 10 other samples taken and 
worked soon afterwards, 5 scored 0, with 2 samples of water taken 
with them showing B. coli absent in 10 c. ¢.; 2 were positive for 
B. coli in 1c. ¢., and 1 negative for B. coli in 1 ¢. ¢. quantities. 

To the west of the dredged channel to Patapsco River there is a 
small bed just off Bodkin Point. No oysters were taken from this 
area, but station No. 11, Patapsco River (see map), is in that imme- 
diate vicinity. Of six samples of water taken there, three were posi- 
tive for B. coli in 10 ©. c., two positive in 1 ¢. ¢., and three were 
negative in 1 c. c. quantities. 

Between the Craighill dredged channel on the west and the main 
channel up the bay, from Seven Foot Knoll opposite the entrance to 
Patapsco River, clear down to opposite the entrance to the Magothy 
River, there is a large and productive area (bed No. 3, Anne Arundel 
County). This area must receive water from Patapsco and Back 
Rivers and from Susquehanna River and the upper bay; yet of the 
four samples each of oysters and water taken in that area, two sam- 
ples of oysters scored 1 each, with the corresponding water sample 
showing B. coli present in 10 c. c. but not in 1 ¢. ¢., and two samples 
scored 0, with corresponding samples of water each showing B. colt 
present in 1 c. c. quantities. 

In the whole area of Chesapeake Bay west of the main channel, 
north of Magothy River, and outside the entrances to the Patapsco 
River, but including stations 10, 11, and 12 immediately adjacent to 
those entrances, of 59 samples of water examined bacteriologically 
24 were negative in the largest dilutions used, less than 10 c. ec. Of 
the other 35, 7 samples, or 20 per cent, showed B. coli absent in 10 
c. c. quantities; 12, or 34 per cent, were positive in 10 c. ¢. but notin 
1c. ¢.; 36, or 61 per cent, contained B. coli in 10 ¢. c. or less quantities; 
24, or 41 per cent, B. coli positive in 1 ¢. ¢. or less quantities; 30, or 51 
per cent, B. coli absent in 1 c. c. quantities; 4, or 7 per cent, present in 
0.1 c.c. All of the samples positive in 0.1 ¢. c. were from near the 
rivers. 
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Summary.—In general it may be said that— 

The waters of Patapsco and Back Rivers are grossly polluted by 
sewage from the city of Baltimore. 

The currents in both rivers are very slow and the time between the 
discharge of the sewage from the lowest outfalls and the nearest 
shellfish beds is an important factor. 

The dilution upon reaching the waters of Chesapeake Bay is 
enormous. 

The examination of samples of water and of shellfish over the area 
most subject to pollution from the above sources indicates that, in 
the light of present knowledge, the pollution which reaches the area 
is insufficient to constitute any considerable danger of conveying 
infectious disease. 

In view of the changing conditions in these waters and the impor- 
tance of the shellfish industry a study of the areas should be continued 
for a considerable time. 

The growing of shellfish for food purposes in the above rivers or 
the foreshores and the taking of shellfish in immediate proximity to 
summer resorts during the time they are open should be prohibited 
by competent authority. 

MAGOTHY RIVER." 


Magothy River empties into the western side of Chesapeake Bay, 
about 134 miles above Cape Henry and 5 miles below Bodkin Point. 
The river entrance between Mountain Point and Persimmon Point is 
nearly one-half mile wide, but shoals extend from each point, leaving 
a narrow channel. Immediately inside of the narrow entrance the 
river becomes from 1 to 14 miles wide and a draft of 8 feet can be car- 
ried about 64 miles up the river. A cove or creek on each side fur- 
ther increases the width and capacity of the river. The southern end 
of the dredged ship channel to Baltimore is just opposite, and about 
two miles off the entrance to Magothy River. This fact and the fact 
that Sandy Point on the south extends 14 to 2 miles farther east than 
Bodkin Point have led some investigators to the opinion that the sew- 
age-polluted water from Baltimore harbor is deflected and carried 
into the river. The Tide Tables of the Coast and Geodetic Survey 
show that low water occurs 18 minutes and high water 19 minutes 
later at Persimmon Point (mouth of Magothy River) than at Sandy 
Point; no current would enter therefore during ebb tide. The earlier 
set of flood tide along the shore would seem to give 19 minutes during 
which the water would travel from the channel toward the mouth of 
Magothy; but as the current, even in the channel, is not over 0.63 knot 
an hour there is an opportunity for very high dilution with bay water 
before any of the Baltimore harbor water could enter Magothy River. 


1See map No.7. 
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That the harbor water does somewhat affect the chemical contents 
in the bight above Sandy Point, off the entrance to Magothy, is 
shown by the results obtained from samples taken by the Bureau of 
Chemistry. Samples of oysters and water taken inside the river in 
February, March, June, and September showed a little increase in B. 
coli content over those taken outside the river, but no dangerous pol- 
lution. No communities discharged sewage into the river. 


SEVERN RIVER AND ANNAPOLIS HARBOR.? 


Severn River enters the western side of Chesapeake Bay about 128 
miles above Cape Henry and 12 miles below the Patapsco. For a 
distance of 54 miles above Greenbury Point at its mouth it has an 
average width of three-eighths mile; it then broadens into what is 
known as Round Bay. This bay is about 1 mile broad, 2 miles long, 
and has an average depth of 19 to 23 feet. 

Annapolis and Naval Academy.—Annapolis, the capital of Mary- 
land, and the United States Naval Academy are on the southwestern 
bank of the river about 14 miles above its mouth. There is a dredged 
channel 30 feet deep and 180 feet wide from deep water in Chesapeake 
Bay to the United States Naval Academy. The river extends only a 
few miles above Annapolis, which, with its suburbs and the Academy, 
is the source of the only considerable pollution. 

Several creeks enter the river on its southwestern side. Of these, 
Back Creek enters below the city, between Chinks Point and Horn 
Point. College Creek is on the north side and Spa Creek on the south 
side of a peninsula on which are the main portions of Annapolis and 
the Academy. A bridge across Spa Creek connects the city with 
Eastport, a suburb which has been built on Horn Point. A bridge 
across College Creek connects the Naval Academy with the Naval 
Hospital and the United States Marine Barracks. 

The population of Annapolis in 1910 was 8,609, and that of East- 
port was 600. The present population of the Naval Academy Reser- 
vation is 1,733. In addition there are 736 civilian employees who 
work on the reservation in the day time; 153 officers reside in Annap- 
olis, but perform duties on the reservation during the day. 

The water supply of Annapolis is described as follows: 

The water supply of the city is furnished by a corporation, whose stock is owned 
by the city. There are two public wells, one semipublic well, and five private wells 
from which water is being taken for drinking purposes; the public water supply, 
however, is generally used, there being 2,261 service connections. The source of the 
public supply is a watershed of approximately 2,000 acres, upon which live 22 families 
and across which, for about 2 miles, are the tracks of the Washington, Baltimcre & 
Annapolis Railroad Co. About 600 acres of the watershed are owned by the com- 
pany. None of the watershed is patrolled. 

The water has been examined by the State board of health a number of times and 
B. coli have been found present in 0.1 c. c. quantities in practically every instance. 


1 See map of area No. 8. 
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An auxiliary supply is derived from five artesian wells. It is stated 
that during summer months, when the city water supply is low and 
has a bad taste and odor due to algae, the supply is treated with 
chlorine gas before delivery. The Naval Academy derives its water 
supply from artesian wells. 

There are 280 privies in the city. The remainder of the houses, 
St. John’s College, and the Naval Reservation are connected with a 
number of public sewers, the outlets of which are indicated on the 
accompanying map. There are also about 75 private sewers. 

Bacteriological samples—As the tables show, 35 samples for bac- 
teriological and chemical anlysis and 18 miscellaneous or oyster-bed 
samples for bacteriological examination, collected by the Bureau of 
Chemistry on four trips, were examined at the Hygienic Laboratory, 
Public Health Service, and 15 samples of oysters and 27 samples of 
water, collected by the steamer Bratton and examined at once on 
board, showed B. coli present in the water in quantities varying from 
0.1 ¢. c. opposite and below the town, to 1 ¢. ¢. up and into Round 
Bay, and present in samples varying from 1 c. c. to 10 ¢. c. down to 
a line between Greenbury Point, on the northern bank, and the 
mouth of Lake Ogleton, on the southern bank of the river. These 
samples were taken at various seasons of the year. The chemical 
results obtained by the Bureau of Chemistry from samples taken off 
Santee Wharf at the academy ‘‘showed free ammonia of 0.02 to 0.04 
mgs. per liter and nitrites of 0.001 to 0.007 mgs. per liter. These 
amounts increased on passing down the stream, the free ammonia 
ranging from 0.01 to 0.14 mgs. per liter and the nitrites ranging from 
0.001 to 0.007 mgs. per liter.” The other chemical and bacteriologi- 
cal results show corresponding changes. 

Fifty-five samples of water, collected by the Bureau of Chemistry 
and by the Public Health Service steamer Bratton, showed an oxygen 
content ranging from 80 per cent (outside Greenbury Point Light, 
near buoy) and 82.91 per cent of saturation (at Buoy 5 on the chan- 
nel, just inside Greenbury Point) on June 26, 1914, to maxima of 
96.10 and 97.52 at the same points on February 2, 1914. These are 
ebb tide conditions. Samples taken on a flood tide from triangle 
50, Brewer Point, off the mouth of the creek, varied from 62.36 per 
vent saturation, June 25, 1914, to 100 per cent, March 12, 1914. 

. Pollution from sewage.—The tidal current in the bay channel off 
Sandy Point is only 0.63 mile per hour, the tidal current within 
Annapolis Harbor is still less, and the stream flow into the river is 
umost negligible, owing to the small watershed, consequently the 
1arbor and river water is by no means renewed every tide, though a 
arge quantity of water does enter on each flood tide. Sewage dis- 
tharged during flood tides is carried up the river and along the fore 
hores and creeks. The discharge during the last two hours or so 
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of ebb tide is probably diluted and brought back by the flood tide. 
Here, as elsewhere in true tidal waters with high saline content, 
there is a marked sedimentation and subsidence during slack water. 
Evidence of gross pollution and deficient oxidation is apparent near 
the slips about the market place. 

There are extensive and valuable oyster beds in Round Bay, at 
the head of the Severn River, and along the shoals of the river and 
creeks all the way down to and in Chesapeake Bay. At the time of 
inspection, September, 1914, there were several thousands of bushels 
of oysters being kept in Spa Creek, above the bridge and within 200 
yards of the outlet of the sewer from a general hospital. Samples 
of water from Spa Creek gave B. cola present in 0.01 c. c. in 66 per 
cent, and in 0.1 c. ¢. , but not in 0.01 c. c. in 33 per cent, while oysters 
from the same area gave scores of 41 and 23. 


Typhoid fever reported in Annapolis, Anne Arundel County, Md. 
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The many sewers along the shore, from which fresh raw sewage is 
discharged, and the immediate or close proximity of oyster beds, 
eliminate the time factor as an element of safety. The factor of dilu- 
tion, however great it may appear upon superficial observation, was 
proven, by repeated bacteriological and chemical examinations of 
water and shellfish at various seasons, to be insufficient for the dis- 
posal of this volume of sewage. So long as present conditions are 
allowed to exist, the taking of shellfish for consumption from the 
waters between a line drawn from Greenbury Point to the mouth of 
Lake Ogleton, up to the upper railroad bridge, should be prohibited. 

The conditions are well known to the local authorities and to the 
State board of health, who have recommended a project in outline 
for a sewage-disposal system which would eliminate the danger of in- 
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fectious pollution of oysters. Any system, to be adequate, must in- 
clude the disposal of sewage from the United States Naval Academy; 
but so far efforts to secure cooperation have failed. The health and 
welfare of the 1,000 or more officers and midshipmen who are main- 
tained by the United States at the Academy are necessarily affected 
by the sanitary conditions which surround them. It is believed that 
the National Government will not fail to provide for this important 
matter, if proper representations are made. Similar conditions ex- 
isted at Hampton Roads, where the National Home for Disabled Vol- 
unteer Soldiers discharged raw sewage onto oyster beds. Proper repre- 
sentations in that case have resulted in the remedying of conditions. 
The conditions existing in Spa Creek indicate great danger of infec- 
tion, from oysters kept therein, and the taking of oysters therefrom 
should be forbidden. 

An exhaustive study of Annapolis Harbor is now being conducted 
by the Public Health Service in cooperation with the State depart- 
ment of health. 


SOUTH RIVER. 


South River empties into the west side of Chesapeake Bay 125 miles 
above its mouth and about 3 miles below Severn River entrance. 
Thomas Point Shoal lighthouse marks the northern point at the 
entrance. This river has a rather narrow channel and is navigable 
for about 8 miles above the entrance; it is crossed by a drawbridge 
about 44 miles above its mouth. The post village of Edgewater, with 
a population of 24, is on the north bank at the bridge; and the post 
village of Riverview, with a population of 47, is on the south bank 
about 1 mile above the bridge. The river drains a sparcely inhabited 
area and no direct pollution of consequence is discharged into it. 

Three trips were made for the collection of samples. Upon the 
first trip 15 samples of water and 10 samples of oysters were collected — 
(February 3, 1914) by the Fish Hawk and forwarded to the Hygienic 
Laboratory for examination. All but two samples of water showed 
B. coli absent in 10 ¢.c. One of the two samples showed B. coli pres- 
ent in 10 c. c. but not in 1 ¢. ¢.; the other sample, which was taken 
off Marshy Point at the mouth of the river, gave B. coli present in 
Ic. c. The oyster samples showed high colon scores, one sample 
from bed 55 giving a score of 410. Subsequently, collections were 
made by the Bratton, June 25 and September 14, 1914. All of these 
samples were immediately examined on the Bratton; the oysters gave 
low scores and the water samples showed a low bacterial content, 
except one taken from near the mouth of a slough at Selby Creek 
which drained some cultivated land. The samples taken by the 
Bureau of Chemistry on the Fish Hawk February 3, 1914, were 
delayed en route to the Hygienic Laboratory and the results obtained 
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from them should be disregarded in light of the sanitary survey and 
subsequent laboratory results. There are extensive oyster-bearing 
areas in, the river and the sanitary conditions are believed to be safe. 

The custom of keeping oysters on the foreshore near privies here 
and elsewhere in this section is dangerous and should be prevented. 

The whole bay west of the channel between the mouth of the Severn 
and South Rivers is practically one great oyster area. Bay Ridge 
and ‘‘Arundel on the Bay’”’ are summer resorts on the shore just 
below Tolly Point, and shellfish should not be taken from the imme- 
diate foreshore during the summer season. While there are deep 
wells at Arundel, the water contains much iron and shallow wells are 
used; moreover, privies are general. The beds are covered and 
washed by the waters of the Chesapeake Bay and are safe except as 
noted. During the oyster season the resorts are practically unin- 


habited. 
WEST RIVER. 


West River empties into the western side of Chesapeake Bay, 122 
miles above Cape Henry and about 6 miles below the Severn River. 
The river is short, drains a small area, and 9 feet draft can be carried 
3 miles from its mouth. Galloway is a post village with 160 inhab- 
itants, 24 miles above Curtis Point, on the west bank. Shady Side is 
a post village and summer resort on a cove above the point. The 
permanent population was 125 persons in 1910, but this number is 
considerably increased by summer residents. 


RHODE RIVER. 


Rhode River, emptying into the north side of West River just 
inside its entrance, has a depth of 9 feet for about 2 miles above its 
mouth. It drains a small area. The post village of Mayo and its 
landing are on the north bank above its mouth. They have a popu- 
lation of about 100. 

Of the samples taken at various times in the West and Rhode 
Rivers, one taken 100 yards below the wharf at Galesville on Tent 
House Creek gave B. coli present in 1 ¢. c. quantities; the oysters gave 
a score of 3. It is probable that the source of pollution was local. 
The oysters from these localities are safe. 


HERRING BAY. 


Herring Bay is a broad bight in the western shore, about 124 
miles below Annapolis Harbor entrance and 25 miles above the 
Patuxent River entrance. The post village of Fairhaven, with a 
population of 35, is a steamboat landing opposite the opening into 
Chesapeake Bay. From it large quantities of oysters and produce 
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are shipped by regular steamers to Baltimore. Deale is a post vil- 
lage of 52 persons on Rockhole Creek, at its entrance into the northern 
side of Herring Bay. 

That part of Anne Arundel County included in the peninsula 
formed by West River on the North and Herring Bay, including the 
communities of Shady Side, Deale, and Churchton (population, 150) 
is rather thickly settled. For several years the typhoid fever rate 
has been very high in this district, and an intensive sanitary survey 
of the county was made by the Public Health Service and State 
department of health conjointly in 1915. 

The following statistics furnished by the State department of health 
show the prevalence of typhoid fever. It is to be remembered, how- 
ever, that the cases reported are not only from the populations given, 
which are based upon the census of 1910, but from all those who 
secure mail from these post offices, and this is true of all reports from 
Maryland. 


Typhoid fever reported in Deale, Anne Arundel County, Md., 1908 to 1914, inclusive. 
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‘Churchton, Anne Arundel County, Md. 
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One of the largest shellfish areas in the bay extends from abreast 
the mouth of Annapolis Harbor down to Holland Point, the southern 
point at the entrance to Herring Bay. The oysters from these beds 
are free from pollution. 

Chesapeake Beach is a summer resort on the west shore of the bay, 
2+ miles south of Holland Point. There are a hotel, pier, and other 
buildings. During the summer months this resort is frequented by 
hundreds of people from Washington, with which city the resort is 
connected by rail. The nearest oyster bed is a mile or more offshore 
and would scarcely be affected by sewage from the resort which, 
moreover, is not frequented during the oyster season. 


PATUXENT RIVER. 


Geographical features—The Patuxent River empties into the 
western side of Chesapeake Bay, 17 miles above Point Lookout. Its 
shores are bold and the channel wide and deep. It is navigable for 
vessels of 19 feet draft for 21 miles, and for 11 feet draft to Notting- 
ham, 35 miles above its mouth; 9 feet draft can be taken for 41 
miles, to the landing at Bristol. There are numerous landings within 
this stretch and there is a considerable trade in produce and oysters 
carried by coasting and sailing vessels and steamers. 

Many creeks empty into the river, but only one is of sanitary 
importance. Mill Creek empties into the river from the north about 
14 miles above Drum Point at the mouth of the river. At the mouth 
of the creek, and diverting it eastward, is Solomons Island, on which 
there is a community of about 500 persons (census 1910, 318 persons). 
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The population of the island is 4,240. There are several marine rail- 
ways and shipyards and a considerable trade in oysters, fish, crabs, 
and produce. There is also a large ‘‘fish factory” for the treatment 
of menhaden, to secure oil. There is no public sewerage system, but 
there are several private sewers which discharge along the shore. 
The water supply is derived from deep and shallow wells. The ordi- 
nary open surface privy is commonly used. 

Only two cases of typhoid fever have been reported to the State 
department of health since 1908, one in August and one in Novem- 
ber, 1909; but there have probably been others. The only other 
communities of consequence are Laurel, a town of 2,415 inhabitants, 
about 80 miles above the mouth of the river; Bristol, a village of 85, 
about 41 miles above it; Nottingham, a village of 109, 35 miles above 
it; Lower Marlborough, a village of 130, on the east bank, 29 miles 
above it; Benedict, a village of 150, on the west bank, 21 miles above 
it; and Broome Island, a community of 100, about 12 miles above it. 
Thirty-two cases of typhoid fever have been reported from Broome 
Island during the seven years ended 1914. During 1914 there were 
reported: August, 3; September, 6; October, 4; and November, 4. 
There has been only one case reported in winter months. 

There are oyster beds on each side of the channel of the Patuxent 
River and in numerous creeks from the mouth of the river up to about 
Gods Grace Point, which is 18 miles above Drum Point. The current 
is so sluggish and the amount of sewage from Laurel so small thatit is 
not probable that this pollution reaches the upper limits of the oyster 
beds 50 miles below in such quantity or condition as to be dangerous. 

Collection of samples and results obtained.—Two trips were made by 
the Fish Hawk and one by the Bratton for the collection of samples 
of oysters and water in the Patuxent River. January 30, 1914, 15 
samples of water and 7 of oysters were collected and shipped to the 
Hygienic Laboratory, where they were received after considerable 
delay. One sample of water collected at Point Judith and one at Tri- 
angle No. 22 off Solomons Island gave B. coli present in1lc.c. Of the 
seven samples of oysters, one taken from bed No. 3, between Benedick 
and Mill Creeks, scored 41, with B. coli absent in 1 c. c. of water 
from over the bed; one from bed No. 3 at the mouth of Persimmon 
Creek scored 32, B. coli absent in 10 ¢. ¢. of water; one from bed 
No. 31, off Parkers Wharf, scored 1,400, with B. coli absent in 10 ¢. c. 
of water; and one taken from bed No. 14, off the mouth of Cuckhold 
Creek, scored 140, with B. coli absent in 10 ¢. c. The temperature 
of the water from which these samples were taken was 6° to 7°. 

March 10: Ten samples of water were taken by the Fish Hawk in 
about the same localities, 4 of which showed B. coli present in 10 
¢. c., but none in 1 ¢. ¢. 
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September 11, 1914: Ten samples each of oysters and water from 
approximately the same localities were collected and promptly 
examined on the Bratton. Of these, the highest score obtained in 
oysters was 23, in a sample from the mouth of Town Creek; the 
greatest pollution obtained in water was B. coli present in 1 ¢. ¢., 
at the mouth of a creek below Broome Island. Chemical analyses 
made by the Bureau of Chemistry indicate a small increase in free 
ammonia (0.17 to 0.46.parts per million), and nitrites (0.0 to 0.004 
parts per million). 

If a decision as to the sanitary condition of the oysters taken from 
the Patuxent River were to be made from the samples taken January 
30 it would be very unfavorable. The samples were delayed three 
days en route; whereas other samples, promptly examined, showed 
a very fair condition. It is possible that heavy rains may have 
washed down a considerable amount of pollution from agricultural 
sources, as well as from the small communities. Neither of the oyster 
samples which scored high were taken from near any apparent 
sources of human pollution. The oysters from the Patuxent River 
as a whole may be considered safe. No oysters should be taken 
from the waters immediately around Solomons; however, no oysters 
were found in close proximity to this town. 


POTOMAC RIVER. 


This important tributary of Chesapeake Bay enters its western 
side about 60 miles above Old Point Comfort and forms the boundary 
between the States of Maryland and Virginia. It is the approach 
to the cities of Alexandria, Va., and Washington, D. ©. The 
Potomac is navigable as far as Georgetown, about 102 miles above its 
mouth. The entrance of the river between Point Lookout on the 
north and Smith Point on the south is about 10 miles wide, but 
south of Point Lookout it is but 52 miles. 

The Potomac drains an area of about 14,000 square miles, on which 
lives a total population of about 700,000. 

The bed of the river itself and those of its many tributaries, from 
about Lower Cedar Point to the mouth of the river, constitute one 
of the most important and extensive oyster-bearing areas in the 
United States. The shellfish areas in the main river are under the 
joint control of the States of Maryland and Virginia. 

The chief sources of pollution are the above-mentioned cities. 
An exhaustive study of the effect of this pollution has been made 
by the Public Health Service. This study, which extended over 
a period of 12 months, from about June 1, 1913, to June 1,1914, 
included a study of the sanitary conditions of the oyster beds in the 
lower river and its tributaries. A full report upon the investigation 
is published as Hygienic Laboratory Bulletin 104. 
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The study of about 10,000 samples of water and 461 samples of 
oysters showed that no dangerous pollution from the cities reaches 
the beds in the river and that the oysters in the tributaries were, 
with a few exceptions, also free from danger. The exceptions were 
a small bed in Monroe Bay near the outfall from the sewage disposal 
system of Colonial Beach, Va.; oyster beds in proximity to a drain 
at Rock Point on the Wicomico River, Md.;.and oyster beds near a 
fish wharf and drain at Lewisetta, Va. These places are small in 
extent, few oysters are taken from them, and they constitute an incon- 
siderable proportion of the great quantities of oysters gathered 
from the Potomac River. The taking of oysters from the above small 
areas should be prohibited. With these exceptions Potomac River 
oysters are safe when taken from their beds. 


GREAT WICOMICO RIVER. 


The Great Wicomico River empties into Chesapeake Bay about 5 
miles below Smith Point; it flows in a southeasterly direction and 
is navigable for a distance of about 7 miles above Fleet Point, where 
Cockrell Creek empties into the river. Located on the banks of 
Cockrell Creek are four fish-oil factories and three small towns, 
Reedville, Freeport, and Fleeton, with a combined population of 
from 1,200 to 1,500. The towns have no sewerage systems and only 
a few private sewers empty directly into the creeks. The fish-oil 
factories contribute practically all the contamination in this stream, 
but as this pollution is noninfectious it has only an esthetic relation 
to the condition of the stream. 

The Great Wicomico River runs through sparsely settled country 
and receives no great amount of pollution, except such as might be 
expected from an agricultural country. Oyster beds are found on 
practically all the bars and flats, and even in the channel, from the 
mouth of the river to the head of navigation. Samples of oysters col- 
lected all along the river show no sign of serious pollution, even in 
the hot summer months, at which time the samples were collected. 
Of the series collected one sample alone showed traces of pollution, 
and that was directly traceable to washings from cultivated land, as 
the sample was taken from the mouth of a small creek that drains 
farming land. The river water showed traces of pollution, which was 
doubtless due to agricultural washings from the surrounding country. 


RAPPAHANNOCK RIVER. 


The Rappahannock River rises on the eastern slopes of the Blue 
Ridge in Rappahannock and Fauquier Counties, Va., and takes a 
general southerly course to Chesapeake Bay, into which it discharges 
about 36 miles from Cape Charles and 25 miles south of the Potomac 
River entrance. It is about 132 miles long and its drainage area is 
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approximately 2,700 square miles. There is a considerable fall at the 
city of Fredericksburg, about 90 miles above its mouth; below that 
point it is a sluggish tidal navigable stream, spreading out in places 
to a width of several miles. 

The river is of considerable commercial importance, steamers from 
Baltimore and Norfolk making regular trips to Fredericksburg and 
the various communities and landings below that city. The principal 
trade comprises cargoes of oysters, fish, farm produce, and general 
merchandise. 

The principal tributary above tidal water is the Rapidan, which 
drains a sparsely settled area of 745 square miles and enters the river 
10 or 12 miles above Fredericksburg. There are no tributaries of 
commercial importance except Corrotoman River, Urbanna, and 
Carter Creeks. 

Fredericksburg.—The city of Fredericksburg is situated on the right 
bank of the Rappahannock, 90 miles above its mouth. The popula- 
tion of 5,874 derives its public water supply from springs and from 
the Rappahannock River. Analyses of water from the springs 
showed excellent quality. The river water is stored in sedimen- 
tation tanks before distribution. A considerable proportion of the 
houses are connected with public sewers which discharge their con- 
tents, untreated, into the river. 

Other points on river.—Port Royal, a town of 194 persons, and Port 
Conway, a village of 80, are on opposite sides of the river, 64 miles 
above its mouth. No direct pollution of consequence enters the river 
from these communities. Tappahannock is a village of 478 inhabi- 
tants, on the west bank of the river, 38 miles above its mouth. There 
is no public sewerage system. The physicians of the town state that 
there has been very little typhoid fever since the use of artesian wells 
has become general, but that there is considerable typhoid in the 
rural districts away from the river. 

Results of imvestigation—The oyster beds of the Rappahannock 
River begin about Bowler’s Rock, 10 miles below Tappahannock and 
60 miles below Fredericksburg, and extend to the mouth of the river, 
which, even as far up as Bowler’s Rock, is about 14 miles wide and 
quite deep. Bacteriological examinations of oysters and water 
collected by the steamer Bratton in March, 1914, showed B. coli 
absent in 1 ¢. ¢. in every sample of water, and no oyster scored above 
5. There were 12 samples each of water and oysters collected in the 
river. The weather and stream flow were such that it was expected 
B. coli would be present in 1 ¢. c. quantities. June 10 another series 
of samples was taken, when B. coli were present in 10 c. c. amounts in 
6, and in 1 ¢. c. in 1, out of 11 samples. No oysters scored over 14. 
The stream flow at that time was small, but the land had been 
cultivated. 
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Judging from results of the Potomac investigation, it is quite 
improbable that infectious pollution reaches the beds from Freder- 
icksburg, the only source of considerable pollution of the Rappa- 
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hannock, and the results are probably due to agricultural wash. 
The oysters from this river are safe. 

Tributaries.—Urbanna Creek is a small estuary which discharges 
into the Rappahannock from the south about 15 miles above Stingray 
Point Light at the mouth of the river. The creek is an excellent 
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harbor and on its west bank is the town of Urbanna, with a winter 
population of about 475. There are several oyster and tomato pack- 
ing houses, and during the summer the population is increased to 800 
or more by the influx of laborers employed in the canneries. The 
town is situated on a high, well-drained bluff. Its water supply is 
obtained from artesian wells 500 to 700 feet deep, and a large propor- 
tion of the inhabitants use water from these sources. About 18 
houses are connected with a sewer, the outlet of which is in the creek 
just off the center of the town. Samples of water taken near this 
outlet gave evidence of pollution potentially dangerous. One instance 
was noted where an oyster dealer, who supplied local trade, kept his 
oysters in a pile on a bed at the end of a dock not far from the sewer 
outlet and within a few feet of three privies which overhang the water 
and are used by the occupants of boarding houses for negroes. While 
there are a few small beds in the creek, practically all of the oysters 
shipped from Urbanna are from perfectly safe beds in the Rappa- 
hannock River. | 

Corotoman River enters into Rappahannock River from the north 
about 10 miles above Stingray Point Lighthouse. The river is buoyed 
and navigable for vessels of 15 feet draft for at least 34 miles above 
its mouth, but the only community of consequence is Millenbeck, a 
village and landing with 132 persons, just inside its mouth. No 
pollution of consequence enters the river. 

Carters Creek discharges into Rappahannock River from the 
north about 10 miles above Stingray Point Lighthouse. The creek 
has a narrow, crooked channel which has been dredged and improved 
by a cut 15 feet deep through the bar and 12 feet into the eastern 
branch of the creek. There is good anchorage and the creek is used 
as aharbor of refuge. There are two communities on the creek; on the 
west bank, just inside the entrance, is the village of Weems, with a 
population of 240 persons. A large oyster shucking house is at the 
landing. Artesian water is used. 

The creek divides into three prongs or branches, a short western 
one, Church Prong, on which there is a large fish factory, and the 
eastern prong, on which is the town of Irvington, one of the most 
important oyster shipping points in Virginia. There are a number 
of oyster shipping and shucking houses, and it is stated that between 
300,000 and 400,000 bushels of oysters are shipped annually either in 
the shell or shucked. Irvington, with a population of 1,035 persons, 
is situated on rather high, well-drained land. The water supply is 
‘mostly derived from artesian wells and is of excellent quality, though 
some shallow wells are used. There is no public sewerage system 
and privies are used. In a few instances privies may be seen over- 
hanging the banks. The town has been remarkably free from ty- 
phoid fever since the installation of artesian water supplies. 


POLLUTION OF TIDAL WATERS OF MARYLAND AND VIRGINIA. 79 


Practically all of the bottoms in the creek and the shoals outside 
are occupied by leased oyster beds. It was stated that few oysters 
are ordinarily shipped from beds within the creek, such oysters being 
chiefly used for local trade. These beds, however, are used for stor- 
ing oysters caught in the Rappahannock, when demand js small and 
prices are low, and such oysters are afterwards shipped. A series of 
samples of oysters and water were collected from various beds along 
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the branches of the creek, and of 19 samples of water 8, or 41 per cent, 
showed B. coli present in 1 ¢. ¢., of which 2 showed B. coli present in 
J.1c.c. The total count, on agar at 37°, ranged from 60, in a sample 
taken at the head of Church Prong, to 1,980. Of 19 samples of oys- 
ers only 2 scored as high as 23, these having been taken in the eastern 
branch comparatively near Irvington Wharf. The total counts were 
ul high. The high B. coli content of the water suggests an unsatis- 
‘factory local condition. 
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The surface privies are certainly safer than would be a sewer dis- 
charging fresh sewage directly over the beds; but any privy over- 
hanging or discharging near water in which shellfish are grown con- 
stitutes a potential danger, one which may not warn before it strikes. 
The amount of discharge from such sources is often too small to 
affect. bacterial results, and the use of the privy may be continued 
with apparent impunity for considerable periods; sooner or later, 
however, typhoid excreta will be discharged with serious results. 

The remedy for Irvington, Urbanna, and similar towns is cheaply 
and easily found in the installation of sanitary privies. These towns 
depend to a large extent upon the oyster industry and the oyster 
planters themselves should initiate such measures. 

As a whole the oysters shipped from Rappahannock River points 
are free from pollution and safe. 


PIANKATANK RIVER. 


Piankatank River discharges into the western side of Chesapeake 
Bay, about 32 miles above Old Point Comfort and just below the 
entrance to Rappahannock River; it is navigable for 14 miles to 
Freeport, a village of 48 inhabitants. Hills Bay in the south side 
of the entrance, inside of Gwynn Island, is a bight which forms the 
approach to Milford Haven (160) and Queens Creek (130). There 
are about 1,000 inhabitants on Gwynn Island. No direct pollution 
of consequence enters the Piankatank, and shellfish from this area 
and from the natural beds in Chesapeake Bay outside of Gwynn 
Island are free from infectious pollution. 

Horn Harbor, which gives its name to a well-known type of oysters, 
is a Shallow estuary which runs about 3 miles into the land a short 
distance above New Point Comfort Light. Winter Harbor is a simi- 
lar but smaller estuary just north of Horn Harbor and south of 
Gwynn Island. Oysters from both areas are free from pollution. 


MOBJACK BAY. 


Mobjack Bay, another well-known oyster area, is a large irregular 
bay making into the western shore of Chesapeake Bay, about 17 
miles north of Old Point Comfort and just northward of York River 
entrance, the entrance between New Point Comfort to the north and 
Plum Tree Point to the south virtually forming one entrance for both 
York River and Mobjack Bay. The distance between the two points 
is about 12 miles. The bay has four tributary rivers or estuaries, 
upon all of which are numerous landings and handsome country 
estates; but there are no towns or villages of importance upon either 
the bay or its tributaries. A large part of the bay and its tributaries 
is occupied by public and leased oyster beds, and there is an extensive 
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trade by regular lines of steamers and by coasting vessels between 
Norfolk, Fort Monroe, and this section. 

East River.—Kast River empties into Mobjack Bay 43 miles north- 
westward of New Point Comfort. It has a channel with a minimum 
depth of 14 feet for 34 miles above its mouth. 

Diggs Wharf, with a population of 60, is on the east bank and Phil- 
potts Wharf, with a population of 132, on the west bank just inside 
the mouth of the river. Williams Wharf and Hicks Wharf are oppos- 
ite each other 3 miles above the mouth. Pulling Creek is a small 
tributary which empties into East River, about 34 miles above its 
mouth, and extends about 3 miles northeastward to head near Math- 
ews County, Va., courthouse. Mathews has a population of 356 and 
no public sewerage system. 

Of the eight samples each of oysters and water taken from the up- 
permost beds of East River and Pulling Creek, all but one showed B. 
colt present in 1 c. c. of water. The river drains a very sparsely set- 
tiled small area. No sewerage systems discharge into it. The few 
houses along its banks have privies, none of which are immediately 
on the shore; moreover, the volume of water is very large. There 
had been a very heavy rain two days before, and a gentle rain the 
day before, the samples were taken, at which time it was very cold 
and snowing. The temperature of the water was about 4° and to 
this latter fact may be due the absence of higher score in oysters, 
none of the samples having scored over 23. It is most probable that 
the B. coli content was due to the washings from the farms along the 
banks. Taking into consideration the sanitary survey, it is believed 
that oysters from this river are free from pollution from human 
sources and are safe. 

North River.—North River, discharging into the northern part of 
Mojack Bay just west of East River, is over 14 miles wide at its 
mouth, with shoals on either side which leave a channel five-eighths 
mile wide at the entrance but gradually narrowing. 

Auburn Wharf, on the east bank about 4 miles, and Dixondale 
Wharf, on the west bank, about 5 miles above the mouth of the river, 
are the two landings. There are no communities, both sides of the 
river being occupied by large country estates. No sewer was found 
and a gentleman stated that the owners of the estates had agreed 
among themselves to use cesspools, so as to avoid pollution of the 
river. The one sample which gave B. coli present in 1 ¢. c. came from 
a point where no sources of human pollution were present. The 
oysters from this area are believed to be quite safe. 

Ware Rwer.—Ware River, discharging into the western side of the 
head of the Bay, is navigable for 5 miles above its mouth. <A 
steamer makes regular trips between Norfolk and the three landings, 
Roanes and Smith Wharf on the west bank and Hockley Wharf on 
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the east bank. A scattered community of 55 persons is located back 
of Roanes. The oysters from this area are believed to be safe. 

Severn River.—Severn River discharges into the western side of 
Mobjack Bay about 6 miles westward from New Point Comfort. This 
river is formed by the union of Northwest Branch and Southwest 
Branch and is navigable for 4 or 5 miles. There is one wharf on each 
branch. The shores are sparsely settled and oysters from the area 
are believed to be safe. 

All four of the above tributaries to Mobjack Bay are merely large, 
deep, tidal estuaries. The wide common entrance of Mobjack Bay 
and York River, its position nearly opposite the entrance to Chesa- 
peake Bay from the ocean, and small drainage area, make the saline 
content of the waters rather high. Most of the oysters from this 
area are shipped as barrel stock to be eaten raw and are free from the 
danger of infectious pollution. 


YORK RIVER. 


The York River, formed by the junction of the Pamunkey and the 
Mattaponi Rivers, flows in a southeasterly direction for about 30 
miles and empties into Chesapeake Bay on the western shore, between 
Poquoson River and Mobjack Bay, the entrance being about 15 
miles north of Old Point Comfort. 

The numerous small creeks emptying into York River between its 
mouth and West Point are comparatively shallow and frequented only 
by small vessels carrying oysters or garden produce. Oyster beds 
cover all the shoals and bars on the north side of the channel and some 
beds are found on the south side. Oysters are shipped, both shucked 
and in the shell, from most of the numerous landings along the river. 

There are no towns on the banks of the York River other than a 
few scattered houses at each of the steamboat landings between York- 
town at its mouth and West Point at its head. 

West Point.—West Point, at the junction of the Pamunkey and the 
Mattaponi Rivers, is the terminus of a branch of the Southern Rail- 
road and has some foreign and coastwise trade in cotton and tobacco. 
It is situated on a low lying headland, between the Pamunkey River 
on the south and the Mattaponi River on the north, where these two 
rivers join to form the headwaters of the York River. The town has 
a population of about 1,500 people, who are nearly all users of the 
public artesian water supply. A sewerage system connects with 30 
to 40 per cent of the houses in the town and has three outlets, one of 
which empties into the Pamunkey River on the south side, another 
into the Mattaponi on the north side, and the third into the head- 
waters of the York River. The section of the city occupied chiefly 
by negroes is not sewered and ordinary privies appear to be common. 
A large pulp mill is situated on the Pamunkey River on the outskirts 
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of the city. The mill uses an alkali method and the chief solid con- 
stituent of the effluent is said to be carbonate of lime. The immedi- 
ate dilution is so enormous that the effluent has little effect upon the 
river water. The sanitary condition should be improved by a 
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Sewerage system and the abolition of surface privies. The water 
supply is good, which no doubt contributes largely to the comparative 
freedom of the city from typhoid fever. The health officer stated 
that every year there were cases of continued fever, but that 
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repeated examinations by the State board of health of specimens 
of blood had shown the disease not to be typhoid fever. 

York Rwwer below West Point.—The only oyster area near the city is 
a small bar below the city between the two rivers; few if any oysters 
are taken therefrom and the area should be permanently abandoned 
because of proximity to a sewer outlet. There are also storage beds 
in the Mattaponi across the channel one-half mile from the city. 
These are safe. The oyster bearing area begins about 2 miles below 
the city. The York River is wide, deep, and straight, and its entrance 
is opposite the entrance of Chesapeake Bay, consequently the volume 
of sea water that enters at each flood tide is enormous. The Pamunkey 
and Mattaponi Rivers drain sparsely, almost uninhabited, water- 
sheds, and the lateral drainage area of the York is very narrow. 
Notwithstanding the heavy rain during the night before the samples 
were taken, the results showed B. coli absent in 1c. c. samples, except 
in the one taken opposite a large oyster shucking house. Oyster 
samples scored low in every case. 

Y orktown.—Y orktown is a historic community of about 136 in- 
babitants. The houses are away from the river and there is no 
public sewer there nor at Gloucester Point, a group of five or six 
houses on the opposite bank. 

Queens Creek.—Queens Creek is a shallow, unimportant tributary 
which enters York River above Yorktown; one of the head streams 
of this branch receives some drainage from Williamsburg, a city of 
about 3,000 inhabitants. 

Oysters from the York River are believed to be safe and free from 
infectious pollution. 

: POQUOSON RIVER. 


Poquoson River is an estuary which makes into Chesapeake Bay 
south of York River entrance, and west of York Spit Lighthouse. 
About 14 feet draft can be carried into the main river. It has 
several small tributaries which drain well cultivated farming land, 
from which garden produce and wood are shipped; it also had a 
large oyster trade, carried in power boats to Fort Monroe and Nor- 
folk. Owing to the “green gill,” the oyster trade has been practi- 
cally negligible for several seasons. 

There is no community on the river or its tributaries, but a few 
houses are built along the shore and there is a small shipyard on 
Cheesemans Creek. There is also a mill for grinding crab scrap 
into fertilizer. 

Of the six samples of water taken, all gave B. coli present in 1 c. c. 
amounts; of the seven samples of oysters one scored 32 and the 
others 5.or less. It is probable they would have scored higher had 
the water been less cold. These samples were taken soon after a 
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heavy rain and it is probable the B. coli content came from agricul- 
tural wash. In some instances the small private beds are in danger- 
ous proximity to privies. 


BACK RIVER. 


Back River, Va., makes into the western shore of Chesapeake Bay 
about 6 miles north of Old Point Comfort. It is really a shallow tidal 
estuary, with a narrow, crooked channel. At its head, about 2 miles 
from the entrance, the river is divided into the Northwest Branch, 
extending northwestward about 24 miles, and the Southwest Branch 
extending southwestward about 3 miles and ending in a narrow tidal 
gut, which extends to the suburbs of the town of Hampton, Va. 

The post village of Earnest (Amory Wharf), with a population of 
75, is on the north bank of the river near the entrance of North- 
west Branch, and the scattered village of Fox Hill (post office name 
Rip Raps) is on and near the east bank of Harris or Harrison Creek, a 
small branch running southward just east of the mouth of Southwest 
Branch. The shores on both sides of the river are fairly thickly 
settled. On the north shore of the Southwest Branch, near its 
mouth, is a large stock and dairy farm, above and adjoining which is 
another large dairy stock and experimental farm belonging to the 
Hampton Normal and Agricultural Institute for Negroes. A sewer _ 
was noticed coming from the main building. 

Of 24 samples of oysters and water taken upon two different trips, 
November, 1913, and February, 1914, three samples of water gave 
B. coli present in 10 c. ¢., but not in 1 c. ¢., and one sample gave B. coli 
present in 1 ¢.c. One sample of oysters gave a score of 50 with the 
water over the beds showing B. coli absent in 10 ¢. c. and a total count 
on agar of only 9. The tide was at its flood when the oysters were 
taken, which would explain the good quality of water, and the oysters 
had probably received their pollution from the stock farms on a pre- 
vious ebb tide. 

Oysters from this river have been noted since early colonial times, 
but for several years past there has been, in common with the other 
rivers of Chesapeake Bay, serious loss by ‘‘green gill.’ The oyster 
beds in Back River, Harris Creek, and Poquoson consist of many 
small beds controlled by some abutting property owners under lease, 
and by some under riparian rights. 

Whenever open surface privies, or private sewers, are in the drain- 
age area nearby, a certain amount of potential danger exists in beds 
situated immediately near shore in shallow water. Bacteriological 
examinations, even if they be extended over long periods, will fail to 
show any heavy pollution. Furthermore, no illness could follow in- 
gestion of oysters from the area until infectious pollution was depos- 
ited, followed possibly by rains. Infection may occur in this way, 
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however, and only by epidemiological study and topographical obsery- 
ation can the origin of the outbreak be traced. It is in such localities 
as these that State health organizations and local officers should 
enforce a system of sanitary privies with proper disposal of dejecta. 


JAMES RIVER, VA.’ 


Geographical description.—The basin of James River, the most 
important stream in Virginia, extends entirely across the southern 
part of the State from west to east. It is bounded on the north by the 
Potomac and York River basins and on the south by the basin of the 
Roanoke. Its entire area comprises approximately 9,700 squaremiles? 
with a population of approximately 600,000, exclusive of Newport 
News. | a 

James River proper is formed by the junction of the Jackson and 
Cowpasture Rivers in the northern part of Botetourt County; these 
rivers rise in the Alleghany Mountains in Highland County near the 
West Virginia line and the headwaters of the South Branch of the Poto- 
mac. The river breaks through the Shenandoah Mountains near Clif- 
ton Forge, takes a southeasterly course, and near Balcony Falls flows 
through the Blue Ridge, in each instance with sharp falls over solid 
rock. At other points similar, though less pronounced, falls and 
rapids occur as the river flows through the foothills. The tidal por- 
tion of the river begins at Richmond, about 87 miles above the mouth 
of the river, following a series of rapids about 116 feet high. The 
range of altitude for the entire basin is from sea level to 4,000 feet 
on the crest of the Alleghany Mountains. The monthly discharge 
in second-feet varies from a maximum of 71,300 (June, 1907) to a min- 
imum of 1,330 (Sept., 1907) with a mean of 9,040 in 1907 to 7,550 in 
1909 (lhid., p. 37). These observations were taken at Cartersville 
above Richmond. 

The tidal waters of the James River extend for a distance of 87 
miles from Richmond to Newport News, where the river discharges 
into the western part of Hampton Roads, about 20 miles west of 
the entrance to Chesapeake Bay. 

There are many tributary streams below Richmond; the only 
ones of importance, however, are the Appomattox, Chickahominy, 
and Warwick Rivers, and Pagan Creek. The course of the river, 
from Richmond to City Point, is extremely tortuous and the current 
ordinarily sluggish, as are also the currents of the Appomattox from 
Petersburg to City Point, and the Chickahominy River. 

The mean excess in duration of ebb over flood tide at Falling 
Creek, 24 miles below Richmond, is 1 hour 53 minutes; at City Point, 
27 miles below, 1 hour 13 minutes; at Hog Island, 65 miles below 
Richmond, 25 minutes; at Warwick River, in the oyster area, 7 


1See maps 1 and 13. 2 Water-Supply Paper 262, U. S. Geological Survey, p. 29. 
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minutes. The mean rise varies from 3.7 feet at Richmond to 2.5 
feet at Warwick River.! 

The range of height of freshets at Richmond is from 54 feet to 
284 feet, but the latter is exceptional. A freshet of 25.1 feet at 
Richmond was 14.5 feet at Dutch Gap, 2.2 feet at City Point, and 
hardly felt at Brandon, about 40 miles below. This is due to the 
changing nature of the river which at Richmond, and a short dis- 
tance below, is confined by high banks on both sides. Dutch Gap 
is a cut about 230 yards long, 100 yards wide, and 18 feet deep, 12 
miles below Richmond. This canal was dug during the Civil War 
and cuts off a 4?-mile bend; the water enters at a right angle to the 
course of the river and again takes a reverse right angle in leaving 
it. While there is a dam effect here, the left bank above is low and 
flooding relieves the normal bed. From City Point down, the river 
is from three-fourths of a mile to several miles wide, and, with the 
exception of the one-fourth-mile narrows at Weyanoke Point and 
one-half-mile narrows at Sturgeon Point, is a drowned valley, the 
slackening of the current in the wide areas causing sedimentation. 
The scouring effect in the upper river is much increased by numerous 
jetties constructed by the United States Corps of Engineers to deepen 
the channel. 

At Mulberry Point, about the upper limit of oyster growth, the 
river is about 1? miles wide; immediately below, it widens and con- 
tinues from 3 to 5 miles wide until it empties into Hampton Roads 
between Newport News Point on the east and Pig Point on the 
west. 

Sources of pollution of James River.—No examination of the river 
above Richmond was made during this investigation. The chief 
sources of infectious pollution, however, are Lynchburg, a city of 
about 30,000 population, about 125 miles above Richmond; Char- 
lottesville, near the Rivanna River, which empties into the James 
River at Columbia, about 60 miles above Richmond; and numerous 
small stations and communities whose sewage indirectly finds its 
way into the river. 

The Monthly Bulletin of the health department of Richmond 
contains the following results of bacteriological examinations of the 
James River water at the city intake: 

March, 1910, average number of bacteria per c. c. (medium not stated, presumably 
gelatin) 3,652; B. coli present in 67 per cent of samples in 1 c. c., and in 16 per cent of 
samplesin 0.1c.c. Maximum turbidity 880; minimum, 8; average for March, 74. 

May, 1910, average number of bacteria per c. c., 366; B. coli present in 48 per cent 
of 1 c. c. samples and in 9 per cent of 0.1 c. c. samples. Maximum turbidity, 330; 
average, 41. 

Judging from the observations of the United States Geological 
Survey (Water-Supply Paper 262), during 1907, 1908, and 1909, 


1 Coast Pilot, Part VI, U. 8. C. & G. Survey. 
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stream flows were above the annual mean average during these 
periods. 

The only sources of considerable infectious pollution from Rich- 
mond to the mouth of the river are Richmond, Manchester, City 
Point, or Hopewell, Petersburg, Smithfield, and Newport News. 

Richmond.—Richmond, the capital and principal city of Vir- 
ginia, is at the head of navigation, 87 miles above Newport News. 
The city is a railroad center and the site of large tobacco, iron, wood, 
and other manufacturing industries. With recently annexed suburbs 
and outlying communities, it has a population of about 130,000 to 
135,000. 

The sewage, including industrial wastes, is discharged untreated 
into the James River, either directly or by way of Shockoe Creek, 
which intersects the city and empties into the river. The amount 
of the discharge was not known by the city engineer. 

The water supply is taken from James River into basins, treated 

with alum, stored for sedimentation, and treated with liquid chlorine. 
The necessity for preliminary treatment was shown recently by a 
sharp outbreak of typhoid fever in a section served by a main into 
which untreated water had been turned without notice to the health 
department. The supply, which is good, is examined daily by a 
resident bacteriologist. 
_. Petersburg.—Petersburg is a city of 24,127 population. Sewage is 
discharged untreated into the Appomattox River. The State board 
of health report (1914) states that the water supply is brought from 
a canal and delivered to sedimentation basins. The water is treated 
with hypochlorite of lime, and “the results so far have indicated a 
high efficiency of the plant.” : 

City Point and Claremont.—City Point, or Hopewell, at the junction 
of the Appomattox and James Rivers, was until recently a small 
landing and railroad terminus, with a population of 400; within the 
past few months, however, a large corporation has constructed at 
City Point a plant for the manufacture of explosives and about 18,000 
employees have been brought to the town. The establishment 
includes a hospital. A modern town with a sewerage system will 
doubtless be constructed. A large amount of water is used for wash 
water in the explosives plant, and the waste is said to contain a 
considerable quantity of sulphuric acid, some of which is neutralized 
with lime. 

Claremont is a small landing and railway terminus 38 miles above 
Newport News. There is a population of about 630 persons, but no 
considerable sewage enters the river at that point. 

Chickahominy Rwer.—Chickahominy River is an important tribu- 
tary of the James River, emptying into the latter from the north 
about 33 miles above Newport News. The river is navigable for 
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vessels of 8 feet draft to Windsor Shades, 234 miles above its mouth. 
The stream drains a very sparsely settled country and there is no 
pollution of consequence. 

Practically no pollution, other than agricultural wash, enters the 
river between City Point and Newport News, except from Pagan 
Creek, which will be discussed later. (See page 90.) 

Collection of samples in James Rwer.—Only one trip was made up 
the James River to Richmond for the collection of samples. For 
some time previous to this trip, December 13-16, 1914, there had 
been heavy rains on the watershed, as a result of which there was an 
exceptional and unusual flood condition which was evidenced even 
as far down as Fort Monroe by continued ebb tide and high turbidity. 
As a consequence of these conditions, the results obtained represent 
the maximum, rather than the average, conditions of pollution in the 
river. This is particularly true of the river below City Point, as the 
flood conditions were not so marked in the river from that point to 

Richmond, the flood having passed that portion of the river. 

_ Of 44 samples of water taken between Newport News and Rich- 
mond on this trip, all showed B. coli present in 10 c. c. quantities. 
Of the 33 samples taken between Deep Water Shoal Light, the upper 
limit of oyster beds, and Richmond, all (100 per cent) were positive 
in 10 c. c.; 28 (85 per cent) were positive in 1 c. ¢.; 20 (60.6 per cent) 
in 0.1 c. c.; and 11 (83 per cent) in 0.01 e. ec. 

The five samples which were negative in 1 c. c. were taken below 
Jamestown Island (about 60 miles below Richmond). 

Of 10 samples taken between Richmond and Dutch Gap, 12 miles 
below, all showed B. coli present in 0.1, and 8 in 0.01 ¢. c. quantities. 
Of 17 samples taken between Richinond and City Point, just below 
the junction of the Appomattox and James, all had B. coli in 0.1 ¢. ¢., 
and 10 samples were positive in 0.01 ec. e¢. 

Of the 12 samples taken below Hog Island over the oyster area, 
all showed B. coli in 10 c. ¢., but none in 1c. c. It is interesting to 
note that at the same upper limit the turbidity suddenly decreased 
from over 600 to 80 or less, while the saline content increased. Of 
9 samples of oysters taken the same day (Dec. 17, 1914), one scored 
50 and one scored 32; the others scored low. Both of the samples 
mentioned came from the upper or seed area. (See table at end of 
report and map of area.) 

During the investigation of this section, which extended over the 
period from November 25, 1914, to February 9, 1915, 80 samples of 
water were collected for bacteriological examination, of which 6 
showed B. coli absent in 10 c. c. quantities; 71, or 90 per cent, were 
positive in 10 c¢. c. quantities; 40, or 50 per cent, in 1 ¢. ¢.; 21, or 25 
per cent, in 0.1 c. c.; and 11, or 14 per cent, were positive in 0.01 c¢. ¢. 
quantities. (See tables at end of bulletin.) 
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The conclusions reached as a result of this one trip are: 

That, at least during periods following heavy rains, the James River 
from Richmond to Deep Water Shoals, which is the upper limit of 
seed oyster growth, is heavily polluted with B. coli. 

That the sudden decrease in. B. coli is due to dilution, to sedimen- 
tation consequent upon the addition of sea water and of retardation 
of current, the result of tidal changes, rather than to the time factor 
alone. In this connection it should also be noted that flood tide had 
set in when the samples from the lower river, negative for B. coli in 
1c. c. quantities, were taken. , 

That the river should be studied over a longer period of time for the 
determination of the significance and origin of the pollution present, 
as evidenced by the B. coli and total bacterial counts. 

Emphasis is to be placed upon the fact that the conditions found 
were probably the result of an unusual and not an average, or even an 
annual, flood current. 

Pagan Creek and Smithfield!—Pagan Creek is a small tributary 
which empties into the James River from the southwest, about 7 
miles above Newport News. The entrance is about 1} miles wide, 
but the channel is narrow and crooked. 

Smithfield, a town of about 1,400 population, is located on the 
south bank of the creek about 4% miles above its mouth and near 
the head of navigation. It is of considerable commercial importance 
and is the center of a flourishing agricultural district. A daily line 
of steamers and sailing vessels ply between the town and Newport 
News and Norfolk. There are several other landings on the creek. 

The creek at the town is only a few hundred feet wide. Sewage 
from one-third of the population is discharged by the Main Street 
sewer directly into the stream. In addition to this source of pollu- 
tion, about a dozen or more residences on Church Street have private 
sewers which, with four or five overhanging privies, discharge sewage 
directly into the stream below the public sewer. A town ordinance 
requires the cleaning of privies weekly, the contents being hauled 
into the country. 

Dr. Brook, the city health officer, stated that, since the general 
use cf artesian water and the enforcement of sanitary regulations, 
there has been very little typhoid fever (about three cases per annum) 
in the town, but that the disease is prevalent among the rural popu- 
lation of the neighborhood. He knew of no cases which could justly 
be attributed to eating shellfish, the disease occurring in the summer 
months. 

One trip was made for the collection of samples of water and shell- 
fish in Pagan Creek; of nine samples of water taken B. coli were 
present in eight in 10 c. c. quantities, in six samples in 1 ¢. c. quanti- 


1See map No. 13. 
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ties, in two samples in 0.1 ¢. ¢., and in one sample in 0.01 ¢. c. The 
total counts on agar at 37° were also very high. 

The water in close proximity to the town gave visual evidence of 
serious pollution, and the ebb current is sufficiently swift to carry 
infectious pollution to the nearest oyster beds, which are about 1 mile 
below the city. Of the six samples of oysters, those from nearest the 
town scored 23 with a total count of 500,000. Two samples from 
near the mouth of the river, not far from a small community, scored 
32 and 42, respectively. (See table at end of report.) 

The sanitary survey and bacteriological results indicate unsafe 
conditions, and the upper beds at least should be abandoned. Few, 
if any, oysters are shipped from these beds within the creek. 

Warwick River.—Warwick River empties into the James River 
about 8 miles above Newport News, and is navigable for vessels of 7 
feet draft through a narrow channel about 14 miles. The upper 
part of the river has been dammed as a water supply for the cities of 
Newport News, Hampton, Phoebus, and Fort Monroe. The banks 
of the stream are sparsely settled, as is the whole of the small water- 
shed. A large part of the river, for about 2 miles on both sides of 
the channel, is occupied by oyster beds. One trip was made into 
the river, at which time five samples of water and five samples of 
oysters were collected. The water showed B. coli present in 10 ¢. ¢., 
but not in 1 c. c.; and only one sample of oysters scored as much as 5. 
The water was very clear, despite high turbidity in the James River 
and recent rains. 

Newport News.'—Newport News, an important shipping point about 
6 miles west of Fort Monroe, 15 miles northwest of Norfolk, and 21 
miles from the ocean, is on bes northern point at the entrance from 
Hampton Roads to the James River and discharges sewage into both 
bodies of water. The city is the terminus of the Chesapeake & 
Ohio Railroad, has large grain elevators, coal’ piers, cotton sheds, 
and is the site of one of the largest shipbuilding plants in the United 
States. Its total population is about 25,000, though it varies greatly, 
as there is a considerable floating population dependent upon the 
shipyard. A suburb known as “ Bloodfield,’’ which contains about 
2,000 persons, has also been recently nnsiexed: 

Newport News has a complete system of sewers, to which are con- 
nected a large proportion of the houses, and further connecticns are 
being rapidly made. There are 300 or more houses in the suburbs 
not connected, of which 70 per cent or more have sanitary closets 
recommended an the State board of health. Additional sewerage 
will be installed for the Bloodfield area. At present about 90 per 
cent of the 30 miles of streets have sewers. 


1 See maps No. 13 and No. 14. 
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The topographical conditions are rather peculiar, the city in gen- 
eral being situated on a bluff which slopes downward to the east 
from near the James River. Owing, in part, to this fact, the sewerage 
system is divided into three separate units; the untreated sewage 
being discharged by gravity from three outfalls, two of which are in 
James River and one in Salter’s Creek; in addition, a large amount 
of sewage is discharged from the shipyard. According to the 1912 
report of the State commissioner of health and data courteously fur- 
nished by the city engineer, the Thirty-fourth Street sewer is 24 
inches in diameter, extends 1,100 feet from the shore line to the 
main channel of the James River where the water is 50 feet deep, 
and from it is discharged approximately 45 per cent, or 450,000 
gallons a day, of the 1,000,000 estimated total daily city discharge, 
exclusive of ground water. 

The Twenty-fifth Street sewer is 16 inches in diameter and extends 
out from the shore line about 675 feet, discharging into the river at 
a depth of about 30 feet. This sewer drains the central congested 
portion of the city. The daily discharge from this sewer is about 
350,000 gallons, exclusive of ground water. 

In addition to the effluent from the two above-mentioned outlets, 
sewage from a small but increasing population north of the shipyard 
is discharged into the river by a sewer constructed by the Old Do- 
minion Land Co. From 2,000 to 5,000 employees, and numerous 
vessels at the shipyard, also discharge sewage into the river. The 
sewage from the eastern section of the city flows by gravity to the 
outfall which discharges into Salter’s Creek about 1,000 feet from 
the Boulevard electric railway crossing, which is a few hundred feet 
from the mouth of this sluggish estuary. Formerly there was a lift- 
ing pump station by which this sewage was pumped over the divide 
into the Twenty-fifth Street outfall, but this was abandoned and a 
main sewer laid to Salter’s Creek. About 20 per cent of the city 
sewage, or 200,000 gallons daily, are said to be discharged into 
Salter’s Creek, and this amount will soon be greatly increased by 
new lines laid in the recently annexed area. Salter’s Creek empties 
into Hampton Roads. 

The water supply for Newport News, Hampton, Phoebus, the 
National Home for Disabled Soldiers, the Hampton Institute for 
Negroes, and Fort Monroe, is derived from a common source a few 
miles above Newport News. The supply is surface water from a 
carefully policed, forested area. The water from the reservoir is 
treated with chlorine, examined by a resident bacteriologist, and 
observed by the medical officer of the army at Fort Monroe; it is an 
excellent and safe supply. The mortality and morbidity rates of 
the city have always been very low and compare favorably with 
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those of other cities of the same size. In September, 1914, there 
occurred a sharp outbreak of typhoid fever due to milk infection. 

The health officer, Dr. Pretlow, has histories of seven cases of 
typhoid fever, due to the consumption during the summer of raw 
shellfish from Salter’s Creek, despite notice against such action. 
This creek is only from 25 to 50 feet wide, and at ebb tide is virtually 
an open sewer carrying the above-mentioned 200,000 gallons of 
sewage. The mouth is only a few inches deep at low water and from 
5 to 6 feet or more depth obtains inside for a few hundred feet, above 
which it is a mere drain. 

Nansemond River.—The Nansemond River flows into the south- 
western part of Hampton Roads at the mouth of the James River, 
just opposite Newport News and 5 miles from it, and should be con- 
sidered in connection therewith. It drains an agricultural section of 
the county of Nansemond and is the approach by water to the town 
of Suffolk, the only source of considerable pollution. 

Suffolk is a city of 7,008 population, situated at the head of navi- 
gation, 17 miles above the mouth of the river. The town is a thriving 
community with several railroads and with daily steamers to and 
from Norfolk. It is back from the river landing, and is well sewered, 
the sewage being discharged untreated into the river. The water 
supply is furnished by the same company which supplies Ports- 
mouth; it is of excellent quality, and the samitary conditions are 
said to be good. 

One trip was made, October 6, for the collection of samples in - 
Nansemond River. The river above Town Point is narrow, very 
crooked, and the current sluggish. Of eight samples of water ex- 
amined, seven were positive for B. coli in 10 c. c., and of these two 
were positive in 1c. c. but not in 0.1 ¢.¢. One of the 1 ¢. c. samples 
was taken near the sewer outlet and one about 1 mile below that point. 
The nearest oyster beds are 8 miles below the outlet and none of the 
three samples scored over 4. Few oysters are shipped from this river. 

Oyster area in the James River.—The lower part of the James 
River, on both sides and on the shoals between channels, from about 
Deep Water Shoals, 14 miles above Newport News, to its mouth 
comprises one of the important oyster producing areas on the Atlantic 
coast. According to the Baylor survey, the public grounds cover an 
area of 26,408.4 acres, of which 12,790.6 acres lie below a line between 
Days Point and Deep Creek, and 13,167.8 acres above that line. 
The beds of the former region are available for the production of 
marketable oysters only, the law requiring that all osyters under 
3 inches long be returned to the bed; while the latter region is set 
apart for the production of seed oysters, and the cull law is not appli- 
cable, except in so far as it forbids the removal of shells. 


According to the same authority about 73 per cent of the total area is depleted or barren, 
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The upper limit for marketable oysters, therefore, is about 64 
miles above the northern sewer outlets of Newport News, and the 
area extends down to almost opposite that point and on both sides 
of the channel. In addition to the public grounds described, exten- 
sive areas on the south side of the channel and in Warwick River, 
Pagan Creek, and other tributaries are cultivated under lease from 
the State of Virginia. 

The proximity of this portion of the river to the ocean and the 
great capacity of the basin compared to the stream flow entering it, 
together with the long period during which the temperature of the 
water is suitable, make this region an apparently ideal one for oyster 
reproduction and growth. ‘The total content of seed oysters present 
on the bottoms at the beginning of the oyster season, September 15, 
1909, was estimated to be 869,937 bushels, the number of marketable 
oysters (for other than seed purposes) as 98,225 bushels, and the 
number of young oysters on the marketable ground as 457,476 
bushels.! 

Summary.—The sources of pollution present over the oyster areas 
of James River may then be summarized as follows: 

1. The cities already described. 

. Newport News. 

. Vessels in the roadstead or at the wharves. 

. Pagan Creek and Nansemond River. 

- Hampton Roads, including Newport News, Hampton, 
Phoebus, Fort Monroe, ete., on the north shore, and 
Norfolk, Portsmouth, etc., on the Elizabeth River. 

Samples of oysters and water from this area were collected Novem- 
ber 25, December 4, 13, 17, January 28, and February 9, and the 
results, therefore, represent the average conditions of temperature, 
stream flow, and seasonal variations. 

In all 46 samples of water and 35 samples of oysters from this 
section were examined. Of the 35 samples of oysters, 40 per cent 
scored 14 or more; 34.27 per cent scored 23 or more; 31.42 per cent 
scored 32 or more; 20 per cent scored 41 or more; and two samples or 
5.71 per cent scored 50. Reference to the chart of the locality and 
to the table shows the locality from which these samples came. 

It will be noticed that one of the two samples which scored 50 was 
taken off Blunt Point, at the southern side of the entrance to Warwick 
River, and the other one from 100 yards off Jail Island, the northern 
point at the entrance to the same river. None of the oysters or water 
from Warwick River showed considerable pollution, and reference to 
the map shows the probable source of pollution to be the sewers dis- 
charging into the channel from Newport News, 4 or 5 miles below 
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1H. F. Moore, Bureau of Fisheries, Document 729, Condition and Extent of Oyster Beds of James 
River, Va. 
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the sampling points. Of the five samples which scored 41, two came 
from the vicinity of Blunt Point and three from White Shoals, a shoal 
in the middle of the river across the ship channel and about 44 miles 
above the shipyard at Newport News. 

Of the four samples which scored 32, three were taken on Brown 
Shoals, which begin about 1 mile above and on the same side of the 
river as Newport News, and one from Point of Shoals, about 9 miles 
up the main channel above Newport News. 

All of the above localities, except Point of Shoals, are within the 
section which would probably be reached in one flood tide from the 
sewer outlets of Newport News. The sample from Point of Shoals 
was taken immediately after the unusual flood previously described. 

Of the 46 samples of water taken, one sample, or about 2 per cent, 
showed B. coli in 0.1 ¢. ¢. This sample was from the bar opposite 
Newport News and a mile or more distant; a high wind had stirred 
up the mud. Of the nine samples, or 20 per cent, which showed B. 
coli present in 1 ¢. ¢., two were taken just off the city front, five from 
Brown Shoal or the channel nearby, and two from the river on the 
western side, several miles away and across the channel from Newport 
News. 

So far as may be determined by this investigation it appears 
obvious that sewage from Newport News now reaches some of the 
marketable oyster areas in the James River above the city. The 
proximity of these beds to the outfall eliminates the time factor, 
which might otherwise purify the water. The volume of water and 
the consequent dilution in the area are enormous. The main ship 
channel is more than a mile wide and deep enough for the largest 
vessels; in addition the volume of water over the beds is great and 
constantly changing. Nevertheless, the city is growing and will 
continue to grow northward along the bank of the river nearer the 
oyster beds, and steps should be taken to continue the investigation 
and to adopt means to prevent the discharge of raw sewage from the 
city. Unless such steps be taken the beds of Brown Shoals and 
vicinity will eventually have to be abandoned as a source of food 
supply. 

In view of the conditions in this area it was recommended that 
frequent reexaminations be made, particularly a reinvestigation of 
the area about Brown Shoals and White Shoals, before the oyster 
season of 1915. 

Later vnspections.—As a result of the above recommendations and 
by request of the Governor of Virginia, ten samples of shellfish were 
collected August 31, 1915, and examined. One sample from the 
upper end of White Shoals gave the high score of 140 and one from 
the outer end of Brown Shoal gave a score of 32, all other samples 
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giving low scores. These results agree with those obtained during 
previous investigations. The State authorities were advised to allow 
the taking of oysters from all areas except the small White Shoal bed, 
which should be reexamined. 


CONCLUSIONS. 


The following conclusions cover the tributaries which enter Chesa- 
peake Bay from the west: ; 

1. Although considerable pollution is present in the Susquehanna 
River and in that portion of Chesapeake Bay nearest its outlet, at 
least during periods of heavy stream flow, it is believed that this 
pollution constitutes no danger to shellfish beds. 

2. Shellfish from the immediate vicinity of the entrance to Back 
River are to be considered as unsafe for consumption as food. This 
is especially true of clams and oysters gathered during the summer 
months along the foreshore. ; 

3. In considering Baltimore Harbor, it should be remembered that 
conditions in both Patapsco and Back Rivers, and consequently in 
the neighboring waters of Chesapeake Bay, are in a state of transition 
owing to the construction of a modern sewerage system. The former 
river is being relieved of pollution; and while the amount of sewage 
pumped to the disposal plant is being increased, the efficiency of the 
system is being improved. It is believed that the pollution which 
reaches the shellfish area is hardly sufficient to constitute any con- 
siderable danger of conveying infectious disease, but the study of the 
area should be continued for a considerable time. The growing of 
shellfish for food purposes in the above rivers or the foreshores and 
the taking of shellfish in immediate proximity to summer resorts 
during the time they are open should be prohibited by competent 
authority. 

4. So long as present conditions are allowed to exist, the taking of 
shellfish for consumption from the waters of the Severn River between 
a line drawn from Greenbury Point to the mouth of Lake Ogleton, 
up to the upper railroad bridge, should be prohibited. However, the 
State Board of Health of Maryland has recommended a project in 
outline for a sewage-disposal system which would eliminate the dan- 
ger of infectious pollution of oysters. Any system to be adequate 
must include the disposal of sewage from the United States Naval 
Academy; but so far efforts to secure cooperation have failed. 

5. The conditions existing in Spa Creek, a tributary of the Severn, 
indicate great danger of infection from oysters kept therein. The 
taking of oysters from this creek should be prevented. 

6. The bay west of the channel between the mouth of the Severn 
and South River, practically one great oyster area, is free from pol- 
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lution, except from that of two summer resorts. Shellfish should not 
be taken from the immediate foreshore during the summer season. 

7. The oysters taken from the Patuxent River as a whole may be 
considered safe. No oysters, however, should be taken from the 
waters immediately around Solomons. During the inspection no 
oysters were found in proximity to this town. 

8. The conclusions reached in regard to the Potomac River in 
Hygienic Laboratory Bulletin No. 104 were that, with few excep- 
tions, oysters from this river were free from pollution. The excep- 
tions were a small bed in Monroe Bay near the outfall from the 
sewage-disposal system of Colonial Beach; oyster beds in proximity 
to a drain at Rock Point, on the Wicomico River, Md.; and oyster 
beds near a fish wharf and drain at Lewisetta, Va. 

9. Although the Rappahannock River itself is safe for the growth 
of oysters, samples of water taken near the sewer outlet to the town 
of Urbanna on Urbanna Creek gave evidence of pollution, potentially 
dangerous. However, practically all of the oysters shipped form 
Urbanna are from perfectly safe beds in the Rappahannock River. 
Another tributary of the Rappahannock River, Carters Creek, pro- 
vides a source of potential danger. Few oysters are ordinarily 
shipped from beds within the creek, though many are used for local 
trade; on the other hand these beds are used for storing oysters 
caught in the Rappahannock. The remedy for the conditions found 
in these creeks would be the adoption by Irvington, Urbanna, and 
similar towns of sanitary privies. The oyster planters themselves 
‘should initiate such measures. ; 

10. The only oyster area near West Point is a small bar below the 
city between the Pamunkey and the Mattaponi Rivers. Few, if any, 
oysters are taken therefrom, and the area should be permanently 
abandoned because of proximity to a sewer outlet. Storage beds in 
the Mattaponi across the channel one-half mile from the city are safe. 

11. Many shellfish beds were found near shore in shallow water in 
Back River, Harris Creek, and Poquoson River. Whenever surface 
privies or private sewers exist in the drainage area near by, potential 
danger is present. In such localities State health organization and 
local officers should enforce a system of sanitary privies with proper 
disposal of dejecta. 

12. The following conclusions concerning the James River may be 
given: 

(a) At least during periods following heavy rains the James River 
from Richmond to Deep Water Shoals, which is the upper limit of 
seed-oyster growth, is heavily polluted with B. coli. 

(6) The river should be studied over a longer period of time for 
the determination of the significance and origin of the pollution 
present, as evidenced by the B. coli and bacterial counts. 
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13. Unsafe conditions exist in Pagan Creek, a tributary of th 
James River, and the upper beds at least should be abandonec 
Few, if any, oysters are shipped from any beds within the creek. 

14. Sewage from Newport News now reaches some of the market 
able oyster areas in the James River above that city. Furthermor 
the city is growing northward along the bank of the river neare 
the oyster beds. Therefore, steps should be taken to continue th 
investigation and to adopt means to prevent the discharge of ray 
sewage from the city. As a result of a later investigation, the Stat 
authorities were advised to allow the taking of oysters from th 
area about Brown Shoals and White Shoals, with the exception o 
the small White Shoal bed, which should be reexamined. 


2% 
ag 
= 
ir 
E 


- 
fy 


a een 


ST 


oy 


Z%y 
se 


a 


Map No. 14 


om & a 


| 
H ca os 


=) 
BD » 


HAMPTON ROADS PES 
CG Ans 


VICINITY 4 


SHOWING SAMPLING STATIONS e 


£@-Io<c 


S@rlce"Y 


32@)-T0<c 


3@ VOSS. 008) SY = 
a" 3®@ 1O'% @ 
EE - oy +10ce 3@'°S@ y: 
~10ce 3@ 4®_, ee 
+10ce 10.258 
¢ 


« 


0% 0% 4@+10c 23@+1. 
36.0% Ho 122920" 
2 by | “10: 4@t1o 
—10ce..g @ les 0@-102Z@ 10. 

23 aan §  4@-10 
41@t10ce £@)+10ce 
<, 4@ric 23@" 2 


» 


ANNs 


+10:.@ 


ets ID<c : 
— S@rlo.4 IPS © lOce sh 
1@tle 7 Peciee 3 
S0@r10.-% ee ie 2%) 
E1Oce aed ce @-10Oce. 
ge Rice bev 


cs 1©-10,4° B@ne Ores 
L@tlec > : Nee E 


” 22222 ge l0cd 
23I@Moce a 


@-1002 S@tlee? 


AWN 


4 


BNE. 


ELT) 


3 1 
: 3@ IOtle-p5@, GlAO-10e x 
BONE: BOFhec., SOF 10re iy ie 
a _ = co : x . t 
: Ise 2@t10<c aS ; seer tteaas, j H & 
x ner [| & 
we I ! ry 
it it 
a Ay @tlec! 1} 
jae -_ H 1 
Oy : " 
ten : | 
Bi Es : j i 
nae = } 
; A : 
= “ | 
~ - i 
& 2 : i 
+ R : ' 
a (=z 
z We t 
‘ cae : 2 
% nee Me , ae | 
Ss < : ai 
s \ # I + 5 5 : aa PSS cr 
me AS \ ey ae ; 2 + 1g @OFIO.% a z dy : : di SX 
3 Nie se . = ei : 7 7 A, A I ———_ A raason YS f SS 
cae “a Ned F : : ! i : : : Wg fy) s Jy, Sage LY), 
2 an peat na SE NZ OFr10ce 
- x ~ . =e 
Pk re 2 iano : 
Sera Me ane : 
RR cae iu 
~~, ee Pt a 
~ == 5 ie : iW 
ue a |) H : 4 g 
eo, ELIZABETH RIVER 
= : 1 1 : (i AND | 
» ws ie A | NORFOLK 
ale ae 
&, . mie 5 1 
Py oe E, iS: | 
E “ o™ MED Bs ® ¢ ig: aS 
aes } A? Scan ales ce ease ty a BW 4@thee Bip allele 
= ane eee ttoesane Foye bis yehees ¥ a ae gic 
iS 5 zee ee 
£ KP ad Da ae 
Vo omen: Oey 
>) 2B Na: 
a) 14@+10<c = 5 +1ee i . 
© ees \o 
v 


ae “4 . i i i ; 


a@+lore 


@ INDICATES LOCATION OF WATER SAMPLE WITH 
PRESENCE OF COLON BACILLUS SHOWN. BY++ OR— SIGN. 


© INDICATES LOCATION OF OYSTER SAMPLE WITH 
Score SHOWN. BY UNDERLINED NUMERALS. 


ae : : y } 


@ -INDICATES WATER AND OYSTER SAMPLE TAKEN 
AT SAME LOCATION. — 
® Jnoicates Sewer OuTter. gee 

RRR 25)), Py — 

STIPPLE INDICATES SHOAL AREAS. ' tae 30 QA 

140 Flee I 

Hee O10, ff SN 
+ deg@t lec LAMBERT Pat 


U.S. PUBLIC HEALTH SERVICE 


17152°—Bull. 74—16. (To face page 99.) 
— —— a _ A ——- | oF & Ts 4 


HAMPTON ROADS AND VICINITY. 
THE ROADS. 


This splendid roadstead and harbor is one of the most important 
commercial centers and naval and military bases on the Atlantic 
coast, and is the water approach to the cities of Norfolk, Ports- 
mouth, their suburbs, and the Norfolk Navy Yard on the south, 
to the cities of Suffolk and Newport News on the west, and to the 
towns of Hampton and Phoebus on the north, as well as to Richmond, 
Hopewell, and Petersburg on the James River. 

Hampton Roads is at the confluence of the Elizabeth, Nansemond, 
and James Rivers; in reality it appears to be a continuation of the 
last-mentioned river, into which the Nansemond and Elizabeth 
Rivers and smaller tributaries flow. The north shore is a concave 
line which extends from Old Point Comfort on the east to Newport 
News Point, a distance of 54 miles, on the west. On this side are 
the estuaries known as Hampton Creek and Mill Creek. The eastern 
limit is 15 miles west of and opposite to the entrance from the Atlantic 
Ocean to Chesapeake Bay and is defined by a line drawn from Old 
Point Comfort on the north, 2 miles southward to Willoughby Spit, 
southwestward to Sewall Point, about 14 miles, thence south to 
Tanners Point, thence across the mouth of the Elizabeth River to 
Craney Island and westward to the mouth of the Nansemond River, 
from which point to Newport News the distance is about 4 miles. 
The channel and anchorage for vessels of over 20 feet draft varies 
from a width of nearly a mile between Old Point and Fort Wool 
(“Rip Raps’’) on the east, and of 14 miles at the western limit to 
much greater breadths between these points. The anchorage for 
large vessels continues upward into the James River and varies from 
100 feet depth to gradually decreasing depths. At some points the 
anchorage is interrupted by shoals, including Hampton Bar, a narrow 
bar 2 miles long, extending from deep water 200 yards west of Old 
Point in a southwesterly direction; Willoughby Bank and Sewall 
Point Spit, which converge to meet near Fort Wool; Newport News 
Bar, near the point of the same name; and Newport News Middle 
Ground, a shoal about 1 mile long with about 16 feet depth, in the 
middle of the western area of Hampton Roads. A dredged channel 
35 feet deep and 400 feet wide north of the Middle Ground and one 
30 feet deep and 500 feet wide south of that shoal lead to Newport 
News. <A dredged channel with 35 feet depth leads southward from 
the roadstead up the Elizabeth River to the Norfolk Navy Yard. 
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That segment which lies north of the channel, between a line from 
Newport News to Old Point and the north shore, is known as Hampton 
Flats, Hampton Bar being on the eastern and Newport News Bar 
on the western ends of the chord and near the channel. The 
shoals south of the roadstead are known as Sewall Point Flats, north 
and east of Sewall Point; Bush Bluff Shoal extends from Sewall 
Point, east of the channel to Norfolk, to Tanners Point. The wide 
area extending from west of that channel to Nansemond River is 
composed of Craney Island Flats and Nansemond Shoal. That por- 
tion of the shoal area embraced within the curved arm of Willoughby 
Spit is known as Willoughby Bay, into which, to the west of its 
mouth, discharges Masons Creek from the south. 


TIDES AND CURRENTS. 


Under ordinary conditions of river discharge there is little differ- 
ence in duration between flood and ebb tides; heavy stream flow or 
flood conditions and westerly winds increase the duration of ebb tide, 
and high northerly and easterly winds increase both the duration 
and the height of flood tides. The range of tides is from 2 to 4 or 
even 5 feet under unusual conditions, the average being about 3 feet. 

The velocity of the currents in knots is shown approximately by 
the following data, furnished by the United States Coast and Geo- 
detic Survey: 

Velocity of currents near Hampton Roads. 


Flood. Ebb. 
Hampton Roads: Knots. Knots. 
mile §. 55° W. from Old Point Comfort Light... ...-...222.2....2.002-- 2022 1. 20 1.40 
j mije.S.20" WV. irom Ol Point Comtort, bight... oo. sas Sess nee ck soem chcecess 1.50 1.70 
7% miles 8. 86° HE, from Old Point Comfort Light... ......:.....22 ..cc.00- eases 1. 20 1, 20 
a2 Iniles S. 40° W.. from Old Point Comfort Light....... 20.2.2. -Seeccp-secunatsn 1. 20 - 90 
James River offShip Building Co,’sowhar fs ..2.3..25.. -s925.-4041%-40.).-es.-é! 1.46 1.16 


In Hampton Roads the tidal currents do not correspond to the 
tides of high and low water. In the south channel to Newport News 
the ebb continues to run about 1 hour 15 minutes after low water, 
while in the north channel it runs about 20 minutes after low water.1 
There is a much lower velocity on the flats, and conditions vary 
greatly in different parts of the Roads; for instance, the tides turn 
in the channel inside Hampton Bar about 30 minutes before the tides 
turn only a few hundred feet distant in the main channel. The 
local differences are factors of importance in determining the ques- 
tions of the source and extent of pollution over different areas. 
During ebb tide there is everywhere a convergence of waters from 
tributaries and flats to the greater velocity of the main channel. 


1 Tide Calendar, Hydrographic Office, Norfolk, Va. 
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The water from Elizabeth River (bearing the largest proportion of 
sewage discharged into the Roads) is constantly forced against the 
east bank by the ebb tide from the James and Nansemond Rivers: 
this may be seen by the tide rip, and the result is shown on the map 
by the Craney Island Flats. The great volume of water from the 
James River, sweeping around a curve, follows the main channel of 
the Roads, sedimentation taking place where the currents from the 
Nansemond and Elizabeth somewhat oppose and retard it. 

The practical effect of this condition is that it is quite improbable 
that much sewage polluted water from the Elizabeth River reaches 
further than the edge of the channel to the west, or Craney Island 
and the Broad Rock oyster areas. Tanners Creek empties on the 
east side in a peculiar manner, the mouth being pointed upward 
instead of downstream. About a mile above this point the great 
piers of the Norfolk & Western Railroad Co. extend to the channel, 
and just below them is the Pocohontas Avenue sewer of Norfolk. 

The net result of these influences is that the waters from the 
Elizabeth River follow a straight narrow channel down to the north 
side of deep water in Hampton Roads, where they join the ebb tide 
from the James River about 3 miles above the junction of Hampton 
Roads and Chesapeake Bay. The velocity of the current at that 
point is about 1.89 nautical miles an hour, so that all except the last 
13 hours of ebb flow from the Elizabeth is swept into the Chesapeake 
Bay, and the last 1} hour’s flow is swept back by flood tide coming 
into the Roads. On the north side currents are likewise of practical 
sanitary importance, though there are no large tributaries. 

Salter’s Creek, which as before described receives considerable 
sewage from Newport News, discharges its small volume directly 
upon Hampton Flats, 1 mile below Newport News Point, where the 
tidal current is very slow. No float tests were practicable on account 
of the shallow water; but laboratory results show that the water 
from this source finds its way over the upper part of the flats, between 
Newport News and Hampton Bars, to the main channel. The 
waters from the water front between Newport News and Hampton, 
above the upper end of Hampton Bar, also seem to converge toward 
the main channel. Below this line, however, they seem to drift more 
directly along the shore over the flats to meet the outcoming waters 
from Hampton Creek, the combined waters flowing between Hampton 
Bar and the shore to meet the water from Mill Creek near Old Point 
and join the main channel through the narrow waterway between Old 
Point and the lower end of Hampton Bar, only a few hundred yards 
above the outlet into Chesapeake Bay. As the tide turns in this 
inside channel 30 minutes before it turns in the main channel, the 
first ebb from inside the bar joins the last of the flood in the Roads; 
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however, before it reaches the upper end of the bar, ebb begins in the 
main channel. 

Flood tide brings into Hampton Roads what is practically unpol- 
luted sea water from the ocean, 15 miles distant, in addition to that 
small part of the enormously diluted waters from Hampton Roads 
which are not carried up the bay by the flood tide. Flood tide 
waters, here as elsewhere, constantly tend to diverge and expand 
over the adjoining shoals and up the tributaries; the shoals of 
Hampton Roads have an important effect upon these conditions. 
The Sewall Point Bar and the land to the east of the Elizabeth River 
and the area below, down to Sewall Point, prevent much lateral 
pushing westward over Craney Island Flats of the last ebb tide 
waters from that river; and the current, running almost directly 
southward, tends to return these waters into the river, Norfolk 
Harbor, and its various tributaries. The wide, funnel-shaped mouths 
of the James and Nansemond Rivers receive almost all of the up- 
ward thrust of flood tide. 

On the north side the flood tide would appear to diffuse and 
spread over the flats that part of the ebb flow from Hampton and 
Mill Creeks which had not reached the main channel. The currents 
of this area should be studied exhaustively, by float observations 
and laboratory examinations of water and bottom mud. 


TRIBUTARIES. 


Separating that part of Hampton Roads north of the main chan- 
nel from Chesapeake Bay is a low sandy peninsula known as 
Old Point; connecting this area with the mainland beach to the 
northeast there is a narrow strip of sand known as the “Beach”; 
running from the northwest portion of Old Point is a causeway which 
ends a few hundred feet from the town of Phoebus; bridges connect- 
ing the two communities have been built over a narrow strait which 
connects Hampton Flats with Mill Creek. 

Old Point Comfort is a military reservation, the larger portion of 
which 1s occupied by the great fortress and dependent modern bat- 
teries known as Fort Monroe; there is also a large hotel, the Cham- 
berlin, and a smaller hotel. The population of the reservation is a 
fluctuating one, being dependent upon military movements and 
guests at the hotels. During the summer months the number is 
augmented by organizations from other military posts sent for tar- 
get practice. The average population is about 2,000. 

A complete sewerage system, built on the separate plan, connects 
all permanent structures to an intake well which has a capacity of 
about 235,000 gallons; from it sewage is pumped twice daily, begin- 
ning shortly after ebb tide sets out. The outlet pipe extends into 
deep water near the southeast point and the sewage is swept into 


) 


POLLUTION OF TIDAL WATERS OF MARYLAND AND VIRGINIA. 103 


Chesapeake Bay. This sewage, amounting to about 450,000 gallons 


a day, is a negligible factor in the pollution of Hampton Roads. 


Troops camped on the Beach during the summer months are pro- 


-yided with dry closet systems with incinerators. 


Mill. Creek.—Mall Creek is a quadrilateral-shaped, shallow body of 
water with an area of about 14 square miles, almost surrounded by 
Old Point, the Beach, the causeway, and the mainland. The depth 


at low tide varies from a few inches to a few feet. The sources of 


pollution are Buck Roe Beach, a summer resort on the Bay side, 
from which there is a little sewage, St. Joseph’s School, with a private 
sewer, and the town of Phoebus. There are also several outfalls 
for sewage from batteries on the Beach which are used intermit- 
tently. 

Phoebus is an incorporated town which had in 1910 a population of 
2,394, in addition to the floating population. The town has public 
sewers, which discharge untreated sewage into Mill Creek. 

The sewerage system is incomplete. At present there are two units, the sewage 
flowing by gravity to two outfalls. Plans are under way for the addition of another 
unit within a year or two. One outfall discharges into Mill Creek at the foot of Mellen 
street. This serves the main part of town and is connected with 7,700 feet of sewers. 
The other outfall is connected with 7,000 feet of sewers. which serve the northeastern 
section of town, and discharges into Mill Creek about 3,000 feet northeast of the first 
outfall. 

About 20 per cent of the houses are not connected with the sewer- 
age system but use ordinary privies. 

The Mellen Street sewer outfallis only about 200 feet above the bridge, 
in plain view, and along side the landing of an oyster shucking house. 
Several other shucking and shipping houses are in the immediate 
neighborhood, and there are private oyster beds nearby. This con- 
dition is an advertisement and a warning to visitors who cross the 
bridge, a reflection upon the intelligence of the community and all 
those responsible for it. It is also unjust to those intelligent ship- 
pers who do not handle such oysters, but who have their estab- 
lishments in that section of Virginia. 

As a result of the sanitary survey and the examination of 16 sam- 
ples of water and 16 samples of oysters taken from Mill Creek No- 
vember 13, 14, and 30, the State authorities were advised to forbid 
the taking of oysters from certain sections of Mill Creek which 
showed danger of infectious pollution. Of the above samples, 11 
samples of water showed B. coli in 10 c. ¢., 6 in 1 ¢. ¢., and 1 in 


0.1 c.c. Of the 16 samples of oysters, 6, or 42.5 per cent, gave 


scores of 41 or more and 38, or 21 per cent, gave scores of 50. 
The National Soldiers’ Home for Disabled Volunteers lies imme- 
diately to the west of Phoebus at the entrance to Hampton Creek 


1 Annual Report, Commissioner of Health of Va., 1912. 
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and overlooking that part of Hampton Flats east of the channel 
to Hampton. The population consists entirely of old disabled 
soldiers and the administrative staff, and sanitary conditions are 
excellent. The water supply is derived from the Newport News 
Company and, as previously stated, is excellent. There is a com- 
plete sewerage system on the separate plan; this system is divided 
into three units, each of which discharges into a collecting well, from 
which the sewage is pumped through outfall pipes on to Hampton 
Flats. One outfall is located a few hundred feet south of the mouth 
of Hampton Creek, and the other two from the southeastern point 
of the grounds. 

The population varies from 2,500. to 3,000 or more persons and 
the daily flow is from 175,000 to 200,000 gallons per day. Formerly, 
this sewage constituted a menace to the oyster beds of Hampton 
Fiats east of Hampton, but there have recently been installed a 
liquid chlorine plant at each of the collecting tanks. Probably as 
a result of insufficient disintegration and the construction of the 
intakes and pumps, the treated effluent showed a rather high B. 
colt content during the examinations made by this service. Changes 
in construction have been suggested by Sanitary Engineer Hommon, 
Public Health Service, and it is believed that satisfactory results 
will be obtained upon completion of these changes. The plant is 
under competent supervision. 

Hampton Creek—Hampton Creek discharges through a narrow 
mouth, only 300 or 400 feet wide, into Hampton Roads, about 2 
miles northwest of Old Point and 1 mile west of Mill Creek. The 
creek runs northward for about three-fourths mile, then turns north- 
east and extends about 1 mile, the width varying from one-half to 
three-fourths of a mile; there is a prong on the east (Jones Creek), 
and a larger one on the west (Sunset Creck) just inside the mouth, 
and a large prong (Brights Creek) near the head. Hampton Creek 
receives pollution on both sides from the mouth to near the head 
of the creek. 

Hampton is an incorporated town which had in 1910 a population 
of 5,505; including suburbs there are probably about 7,000 inhabi- 
tants. It extends from the banks of Sunset Creek along the western 
and northern shore of the creek to Brights Creek, near the head of 
Hampton Creek, and imeludes a considerable population on the 
opposite side of the creek. Hampton is one of the most important 
oyster, fish, and crab centers in the United States and, with Old 
Point, is the shipping, shopping, and banking center for a prosperous 
and thickly settled rural back country. The public water supply 
is almost exclusively used and is derived from the Newport News 
Company. 
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The following description of the sewerage system is taken from a 
report made February 9, 1915, by George W. Fuller of New York, 
consulting engineer to the town council of Hampton: 


The existing sewer system comprises approximately 8 miles of vitrified pipe sewers, 
mostly 8 inches in size, but with some 10-inch and 12-inch pipe. The sewers receive 
only domestic sewage, with the exception, however, of a number of street inlets on 
King Street, Queen Street, and Armistead Avenue. There are also a few roof-water 
connections at the head of certain lines for flushing purposes. 

There are five separate districts, each draining to its own outfall, the details of 


which are tabulated: 
Hampton sewage system. 


Size of | Tribu- | Length 


Location of outfall. outfall. | tary area.| of sewer. 
Inches Acres. Feet. 

Bee ETL PS ULOO Us 5. cures 6 awe Ban ah SE os cx See AEE oun Bald Fav Rind oie Eo dod 5 ys 12 130 17,000 
rei A VODUO) J 2. wit Poca pec itws cnt ete eit Joe tse 8k cet pes ore ah ee 12 100 12, 000 
mouth King Street. -..- +... 2. - 2-52 - een ene ee ee den eee wee enn e ene 10 15 2,000 
EDEN? Le VOENIC.. tad ads cle. cafe Aste k PEE AGA Fe RAIA SEL Lets BET eeeeey ae et. grat eee 
RP AUOINUIO® sok - 5 2 awa ak woh ga eres se tse e sels ee Bosra wo Jae a Pe aah a3 a! 10 75 7,000 
REPAIRS, 082500) 8. 1.k,..cubF deh. A 8 20 2,000 


While the larger portion of the city is reasonably well served by the existing 
system, there are many residences and business houses situated along the water 
front which have private sewers discharging directly into Hampton River and its 
numerous small inlets. There is also quite an area along the northern and western 
boundaries of the city which is not tributary to existing sewers on account of the 
elevation of the ground. This section comprises the poorer neighborhoods where the 
use of privies is customary and where the installation of plumbing is often consid- 
ered to be beyond the means of the householders. 


There are said to be about 580 licensed connections to public 
sewers; but there are probably about 800 or more houses from 
which sewage is discharged into the Hampton Creek, including a 
large general hospital, ‘‘Dixie Hospital,’ in addition to which there 
is considerable pollution from numerous vessels. 

Along the water front is one of the largest and best equipped 
oyster shucking establishments in the country, with several smaller 
ones and three or four crab packinghouses. Considerable organic 
matter reaches the water from these establishments, though it has 
been sterilized in the process of preparing crabs. 

The total amount of sewage emptied into the creek from Hampton 
is probably about 200,000 to 250,000 gallons a day, exclusive of 
ground water, and the outfalls are distributed along its course. 
Evidences of gross pollution may be seen at various places, notably 
near the foot of King Street and the outfalls on either side of Queen 
Street Bridge. Oyster beds occupy nearly all of the bottom from 
the latter bridge to the head of the creek. All of the beds are leased 
and the area is divided into many small holdings. 

A float was turned adrift at the junction of Bright’s Creek with 
Hampton Creek at 10.55 on the morning of December 3, 1914, about 
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two hours after high water, and allowed to drift until the beginning 
of the flood tide at 3 p.m.. A fresh northeast breeze was blowing 
at the time which would increase the speed downstream, as the general 
trend of the creek is southwest. During the run the float covered a 
distance of about 14 miles in four hours; that is, it floated from 
near the uppermost oyster beds down the channel and to within 
200 yards of the mouth of the creek. | 

On the morning of December 11, 1914, a float was dropped off 
the dock of the Old Dominion Steamship Co., at 8.45, about three- 
quarters of an hour before the flood tide. The float drifted about 
100 yards down the creek before the incoming tide caught it and 
carried it upon a mud flat opposite the starting place, necessitating 
its bemg towed out to midstream where the tide carried it about 
1,200 yards upstream before it again ran aground on a mud flat at 
the end of the Chesapeake & Ohio Railroad bridge. Again being 
towed to midstream it continued up the creek for about 175 yards 
before the ebb tide started it on its return. The ebb tide carried 
it downstream for about 600 yards and into aside creek that discharges 
just above Hampton Bridge. The time consumed in the upstream 
drift was about 54 hours and the downstream drift was of about 3 
hours’ duration. Judging from these tests and other observations 
it is evident that sewage from nearly all of the outfalls is carried 
over the oyster beds. 

November 10, 11, and 17, 1914, 23 samples of oysters, representing 
conditions on all of the beds and 17 samples of water from over the 
beds were collected for examination. Of the 23 samples of oysters 
17, or 74 per cent, scored 41 or more; 10, or 43 per cent, scored 50 or 
more; 8, or 35 per cent, scored 140 or more; 4, or over 17 per cent, 
scored 230 or more. 

These results, together with the topographical study, left no doubt 
that oysters from such a source were unfit for human consumption, 
unless they were transplanted to waters suitable for self-purification, 
The State and Federal authorities were so informed. Prompt action 
was taken by the State authorities, and a meeting of the oyster bed 
lessees was called, at which representatives of the board of health, 
State dairy and food division, and State commissioner of fisheries 
were present, as well as a representative of the Public Health Service, 
by invitation. The planters were notified not to remove oysters 
except for transplantation and the Commissioner of Fisheries, who 
was present, detailed the local oyster inspector to enforce the order. 
in both Hampton, Creek and Mill Creek. 

The city council immediately invited Surg. Cumming to confer 
with them as to remedial measures, and they were advised to secure 
the services of a competent sanitary engineer. As a result the 
services of Geo. W. Fuller, of New York, were secured, and plans 
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have been submitted by that firm which provide for the collection of 
sewage at the existing outlets and pumping to a central disposal 
plant where it would be subjected to sedimentation and sterilization, 
and for the discharge of the purified effluent by gravity into the 
southwest prong of Back River, several miles above the nearest 
oyster beds. This matter is still under consideration. 

The Hampton Normal and Agricultural Institute, a large institu- 
tion for the education of negroes and Indians, #ccupies all of the 
eastern bank of the creek from Jones Creek opposite the Soldiers’ 
Home to opposite King Street Wharf. The grounds occupy an, area 
of 185 acres, on which are about 120 buildings, and the population 
varies from 1,000 to 1,500. The sewerage system is complete and 
is built on the separate plan, storm drains and gutters having been. 
provided for surface water. The main sewer varies from 12 to 16 
inches in size and is of cast iron with tile laterals. 

The sewage, which averages from 70,000 to 100,000 gallons per day, 
flows by gravity to a collecting chamber, from which automatic 
electrically operated pumps lift it to two concrete storage tanks each 
of 50,000 gallons capacity. The bottoms of these tanks are 7 feet 
above high-water level, and they are connected by by-passes. These 
tanks are emptied at the beginning of ebb tide through a discharge 
pipe with the outfall near the mouth of Jones Creek. 

In 1912 the engineer of the Virginia department of health installed 
a hypochlorite of lime plant and conducted experiments upon, the 
disinfection of this effluent. At the time of this investigation, how- 
ever, the sewage was being discharged untreated and constituted an 
additional menace to the near-by beds on Hampton Flats. Upon 
recommendation of officers of the Public Health Service a liquid 
chlorine plant has been installed and thus the effluents, both from this 
source and from the National Soldiers’ Home should no longer be a 
source of danger to near-by oyster layings. 

North shore of roads.—The north shore of Hampton Roads, from 
the mouth of Hampton Creek westward to Salters Creek at Newport 
News, is indented by several small estuaries but is generally high and 
eminently suitable for residential purposes ; as a result quite a number 
of residences and a large general hospital have already been built, 
and the shore line and near-by areas along the car lines are rapidly 
being populated. A public sewer has already been constructed by a 
land company, which at present serves only a few houses, and there 
are many private sewers, including the one from the hospital, which 
discharge directly into Hampton Roads. The amount of sewage is 
now small but fresh and will increase with the population. Resi- 
dences away from the shore line, particularly in the western section, 
use cesspools or privies. 
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OYSTER BEDS. 


As previously described, Hampton Flats comprise that segment of 
Hampton Roads between a line from Newport News Point to Old 
Point and the north shore, an area of about 7 squares miles, or 4,500 
acres. With the Sea of Hampton Bar and Newport Nee Har 
the bottom slopes gradually for about 500 feet out, where the depth 
of water varies from 10 to 15 feet until it drops abnuneln at the main 
channel. The even and moderate depth, the absence of ice, the influx 
of sea water with each flood tide, and the abundance of food brought 
by ebb tide combine to make this area very valuable oyster ground; and 
the oysters from this area, known as ‘‘Hampton Bars,” have always 
been. highly valued. About 3,500 acres are leased be the State to 
individuals at $1 an acre, and ae are cultivated to the limit. of their 
capacity. Seed oysters are brought from James River or elsewhere, 
and steam or gasoline power dredges are generally used by the fa 
planters. 

That the Hampton Flats oyster industry is an important one to the 
Commonwealth, and especially to the people in Hampton and vicinity, 
is indicated by ths following: 


Estimated average yearly expense: 
1. Labor in gathering and marketing of oysters (this includes the dredg- 


ing, tonging, shucking, packing, etc... AD ets rat $09, 600 

2. Labor in planting seed oysters, which indies boat itd nee tabor 
for CaLehing is. 1. SoR VR Re SUS Meee Olas a eee 53, 000 
Reilad tase hed eee dd ME heck eect. @ 112, 600 


That a considerable number of people depend for a livelihood on the oyster industry : 
is shown by the fact that between 500 and 600 laborers are employed. At least 95 
per cent of these people live in Hampton or the immediate vicinity. 

The following statistics were prepared October, 1915, for the town 
council in connection with the consideration of the question of con- 
struction of a sewerage system and disposal plant: 


Estimates on oysters, clam, and crab industry in Hampton. 


Gross sales of oysters for one year..............2.02. 0202002022 2s... 2. $390,000 
Giroae galee-of clams, fowone wyearites 2 aui4 ft. Deen wines papmah cin dooms al ade 50, 000 
Gages pales of ctdba for One Vest ses ed dye ben et Shek Deak deno Lk eres 500, 000 

TWotthinecbs walk Asie Ripe Sila JR oh 940, 000 


Invested in plant oysters, oyster grounds, houses, boats, and equipments.. 674, 000 


This does not represent the money spent by outside oyster boats that come into 
Hampton for provisions, nor does it represent the money collected by the railroad 
company for freight on oysters and clams, as these are sent collect by the shippers. 


In view of the importance of this area, because of the extent and 
value of the oyster industry, the wide interstate shipment of oysters 


1 Report of State Commissioner of Health, 1912. 
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therefrom, and the many sources of possible infectious pollution, an 
intensive study was made of this section of Hampton Roads. The 
investigation covered a period between October 1 and December 17, 
1914, with temperature of the water ranging from 15° to 28°, and 
therefore represented average as well as exceptional conditions. 

Of 105 samples of oysters collected from all parts of the area, three 
samples, or 2.85 per cent, gave a score of more than 50; one sample, 
however, came from up Salters Creek, near the railroad bridge; there 
were no oysters planted there, and the local health authorities have 
repeatedly issued warnings against eating any shellfish from that 
locality. No oysters are shipped therefrom, and this sample should 
be disregarded. Of the samples taken from Hampton Flats, only 
two, or 1.9 per cent, showed a score as high as 50, and one of those 
was taken 300 feet outside of the mouth of Hampton Creek, across 
the channel from but near the outlet of the Soldiers’ Home sewer. 
No oysters are planted there, and there were very few found in that 
vicinity. This sample may be disregarded, except as a possible 
warning that the taking of clams and oysters from such places should 
be forbidden. The other oyster sample which gave a score of 50 1s 
of more significance. The location of the sampling station was “ Bux- 
ton Hospital, N. N. W., mouth of Salter’s Creek W., Chamberlin 
Hotel, E. by N.” A study of the chart will show that this pollution 
probably came from Salters Creek or one of the nearby private 
sewers. The tide was ebb, and the corresponding sample of water 
gave B. coli positive in 10 ¢. c., but not in 1 ¢. ¢. 

Of the six samples of oysters, or 5.7 per cent, which gave a score 
of 41, two were collected close inshore, and one about the middle of 
the triangular section of the flats between Hampton Creek channel 
and Mill Creek. The water sample with the last-mentioned oyster 
sample gave B. coli absent in 10 c. ce. The samples of water taken 
with the two inshore samples gave B. colt present in 1c. ¢. Of 14 
samples of water taken on the shallow flats along this area in front 
of the Soldiers’ Home and Phoebus estate, 10, or 71 per cent, gave 
B. coli present in 1 c. c.; 3, B. coli present in 10 c. c., but not in 1 ¢. ¢., 
and only one absent in 10 ¢. ¢. 

These results show a large amount of pollution and were to be ex- 
pected, for some sewage from Hampton Creek and the Soldiers’ 
Home is carried over the beds east of the creek. In addition to the 
above samples eight samples of oysters taken below the Mill Creek 
bridge along the shore between the causeway and the channel from 
Mill Creek, one gave a score of 50 and one a score of 41. There are 
two possible sources of this pollution: Mill Creek with Phoebus sew- 
age, or the surface water from the Quartermaster’s stables nearby. 

Of 104 samples of water taken with oysters, 37, or 35.23 per cent, 
gave B. coli in 1 c. ¢.; 40, or 38.09 per cent, gave B. coli in 10 ¢. ¢., 
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but not in 1 c. c.; and 27, or 26 per cent, showed those organisms 
absent in 10 c. c. quantities. 

Summary of conditions found on the Hampton Flats oyster area.— 
The apparent sources of pollution over the area are: 

1, Fort Monroe. 
2. Phoebus. 
3. National Soldiers’ Home. 
4. Hampton Normal and Agricultural Institute. 
5. Hampton. 
6. Sewers from houses and hospital along the shore between 
Salter’s Creek and Hampton. 
7. Salter’s Creek outlet from Newport News. 
8. James River sewer outlets from Newport News. 
9. Shipping in the harbor. 

The sewage from Fort Monroe may be eliminated, because of the 
excellent method of collection and pumping into the Bay. The two 
institutions which constituted together sources of considerable danger 
have voluntarily installed disinfecting plants which, properly con- 
ducted, will remove the danger. 

Hampton and Phoebus continue to discharge sewage sufficient in 
quantity to make necessary the condemnation of oysters from Hamp- 
ton Creek and a part of Mill Creek; moreover, and this aspect is the 
more serious of the two, it is evident that sewage from these sources 
constitutes a constantly increasing source of pollution to those beds 
on Hampton Flats which lie eastward of the entrance to Hampton 
Creek. It is a question of a short time only before these beds must 
be condemned, unless steps are taken to remove the danger. 

The private and corporate sewers along the shore between Hamp- 
ton and Newport News discharge a small but increasing quantity 
of raw sewage, the effect of which is not noticeable as yet except 
along the shore line. There is, however, increasing danger from these 
sources, and steps should be taken to eliminate the danger by the 
construction of an interceptor, with a collecting tank and disinfec- 
tion, or by compulsory substitution of other methods of disposal. 

The Salter’s Creek outlet is at present a serious menace to the con- 
tinued use of the upper oyster beds, and this menace is increasing. 
There appear to be no engineering difficulties in providing a method 
for the disinfection of the sewage from this outfall. If the present 
method of discharging raw sewage from this source be continued, 
the condemnation of a larger area of polluted oyster beds will inevit- 
ably follow. 

The sanitary engineer of the State board of health of Virginia sub- 
mitted a report upon a sanitary survey of this whole area, which was 
published in the report of the commissioner of health in 1912. No 
action apparently has followed his recommendations, which in gen- 
eral are indorsed as a result of the present examination. 
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In reviewing the situation it will be noted that sewage from the 
property of the United States, both at Fort Monroe and the Soldiers’ 
Home, and sewage from the Hampton Institute, which is maintained in 
large part by funds from sources outside of Virginia, have been elimi- 
nated as sources of danger. None of these places have any pecu- 
niary interest in the sanitary condition of the oyster beds. 

Newport News and Phoebus have taken no action toward allevia- 
ting conditions; on the contrary, the former city is contemplating 
the increased use of Salters Creek. The city of Hampton, whose 
residents are more vitally concerned in the protection of the beds, 
has taken enough interest in the matter to secure the services of an 
eminent engineer and it is hoped that his advice will be followed. 
The political subdivision of what really constitutes one community 
makes local action difficult. Phoebus, Hampton, and Newport 
News are incorporated communities; between Hampton and New- 
port News, and along the northeast shore of Mill Creek, the County 
of Elizabeth City has jurisdiction. The situation seems to be one 
demanding action by the State of Virginia, if these valuable grounds 
from which it derives such a large direct and indirect revenue are to 
be preserved for the benefit of her citizens. 

Willoughby or Broad Bay is that shallow portion of Hampton 
Roads which is embraced by the hook of Willoughby Spit, opposite 
Old Point. There are 100 or more residences on the Spit, but, so far 
as could be ascertained by personal inspection along the shore, no 
sewer emptied into the bay, cesspools being employed and the sand 
used for drainage. Samples of oysters and water from this section 
showed the area free from pollution. Of 8 samples of each taken 
along the shore and over the beds, 3 gave B. coli absent in 10 ¢. ¢., 5 
were positive in 10 c. ¢., but not inl c.c. No sample of oysters 
scored over 5. | 

Masons Creek is an estuary with small drainage area which dis- 
charges into Willoughby Bay on the south shore near its mouth. 
During the summer season a sewer, which receives sewage from the 
pavilion at Ocean View, discharges into a small eastern prong of the 
creek; but no pollution was shown over the beds at the time of 
inspection, three samples each of oysters and water showing B. cola 
present in 10 c. c. only, and the oysters scoring 2 and 1. 


ELIZABETH RIVER.' 
GEOGRAPHICAL SKETCH. 
The Elizabeth River, which empties into Hampton Roads from 
the south, is the approach to the cities of Norfolk, Portsmouth, the 
United States Navy Yard near Portsmouth, the Naval Training 


Station, Marine Barracks, the terminals of the Norfolk & Western 
Railroad at Lambert Point, and to West Norfolk and Port Norfolk, 
el ell ES a lt ee Sat ie NN A eR, PLN 


1 See maps of Norfolk and vicinity and Hampton Roads, maps No. 14 and No. 16. 
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with the terminals of several railroads. Into the South Branch open 
the Chesapeake and Albemarle, and Dismal Swamp Canals, which 
afford communication by water with the inland waters and coastal 
sounds of North Carolina. Vessels of 35 feet draft can go to the 
navy yard on the South Branch, and to the coal piers at Sewall and 
Lambert Points. A draft of 8 or 9 feet can be taken through the 
canals. 

Tanners Creek discharges into the eastern shore, about 1} miles 
north of Lambert Point and 3 miles south of Sewall Point; Craney 
Island being west of the channel ‘and nearly opposite. Tanners 
Creek has a depth of from 9 to 22 feet in the channel for about 3 
miles above the mouth, which, however, is obstructed by a bar with 
6 feet of water over it. 

Tanners Point so overlaps the mouth from the north side that the 
entrance is from the south. About a mile above its entrance the 
creek divides into a north, east, and south prong, the latter reaching 
into the suburbs of Norfolk. 

’ Elizabeth River has three branches, all of which have smaller 
tributaries. 

Western Branch.—The Western Branch makes in westward about 
one-half mile south and on the opposite side from the Lambert 
Point terminal piers; it has a narrow channel with 20 feet depth to 
the wharves at Lovetts Point (‘‘West Norfolk’’), and 15 feet to Port 
Norfolk on the opposite bank. There are several drawbridges and 
a draft of 8 feet can be carried about 34 miles above the mouth. 
Above the settlements around the entrance the banks are occupied 
by highly cultivated truck farms, on which enormous quantities of 
manure are used. The Elizabeth River between Lovetts and Lam- 
bert Points is about 1 mile wide and gradually narrows. 

Eastern and Southern Branches.—About 7 miles above Sewall Point 
and 34 miles above Craney Island the river bends eastward and con- 
tinues as the Hastern Branch, for about 3 to 4 miles, while the South- 
ern Branch continues in the general line of the river. The river at 
this junction is only 600 to 800 yards wide; the Eastern Branch is 
from 500 to 600 yards wide and quite deep for about 14 miles. 

The city of Norfolk extends along the east bank of the Elizabeth 
River from 1 mile below the junction of the branches to over 1 mile 
along the north shore of the Eastern Branch. It also extends across 
the latter to include the former town of Berkeley, lying along the 
south bank of the Eastern Branch and east bank of the South Branch. 
Adjoining Berkeley on the south is the Naval Training School, oppo- 
site which are the United States Navy Yard and Marine Barracks. 
Extending northward along the west shore of the South Branch and 
Elizabeth River to Scotts Creek, for 14 miles, is the city of Ports- 
mouth. 
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Norfolk and Portsmouth.—Norfolk is a thriving commercial city 
with a large foreign and coasting trade employing many lines of 
steamers and sailing vessels. There are frequent ferry communi- 
cations with Portsmouth, Berkeley, Newport News, and Fort Monroe, 
and the harbor is nearly always crowded with shipping. Ports- 
mouth is a city of considerable size and commercial importance, with 
a railroad terminus and a large cotton shipping trade. 

The population of Norfolk in 1890 was 34,871, in 1900, 46,624, and 


in 1910, 67,452; that of Portsmouth 13,268 in 1890, 17,427 in 1900, 


and 33,190 in 1910. The population of the navy yard and training 
station varies with the number of vessels at the yard and the drafts 
sent out from the training station. It is probable that the present 
aggregate population, contributing pollution to the Elizabeth River, 
is not far from 125,000. The sewerage system of the older and more 
congested portion of Norfolk was designed many years ago by Col. 


Waring. The trunk sewers discharge by gravity into collecting 


tanks, from which the sewage is pumped untreated into the Eastern 
Branch and Elizabeth River. The city engineer stated that the 
system handled an enormous amount of ground water, and that it 
is not practicable to estimate the total amount discharged. The 
approximate location of outfalls is shown on the map of this vicinity. 
At present the larger proportion of sewage is from the outfall into 
the Eastern Branch below the Norfolk & Western Railroad bridge. 
The city is growing most rapidly northward and westward, and the 
Pocahontas Avenue sewer, which discharges just below the Lambert 
Point piers, will eventually receive far greater amounts than at present. 
This outfall, owing to its contiguity to the oyster beds, is a source of 
danger. All of the cities discharge sewage untreated into the nearest 
part of the river and it is probable that approximately 7,000,000 
gallons per day are so discharged. 

The average range of tide above mean low water is from 2 feet 
(neap tides) to about 34 feet (spring tides). 


FLOAT TESTS. 


It is difficult to make float observations, because of the amount of 
shipping and various docks and estuaries, but the following are 
examples of results obtained in the Elizabeth River: 

1. A float was turned adrift in the Eastern Branch of the Elizabeth 
River at the Norfolk & Western Railroad bridge at 6.10 o’clock on the 
morning of November 28, 1914. A light breeze from the northeast 


was blowing at the time, but about 8 o’clock freshened up alittle. The 


float was liberated at the beginning of the ebb tide, and was allowed 
to proceed through the course of this tide and about three hours of 
the flood, when it was picked up. 

17152°—Bull. 74—16——8 
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From observations taken at intervals of 30 minutes the float 
appears to have quite consistently followed the channel through 
the Eastern Branch and into the Elizabeth River until it reached 
Hospital Point, which lies just above the mouth of Scotts Creek. Here 
the float developed a tendency to work toward the western shore of 
the river and, after it had passed the mouth of Scotts Creek, grounded 
on the mud flat below the mouth of the creek, and had to be towed 
out to mid-channel. The float then drifted about 25 yards in a down- 
stream direction, but setting toward the western shore all the time. 
Again it ran aground and had to be towed out to mid-channel. The 
tide turned about this time and the flood tide carried the float in a 
direct line up Scotts Creek, where it again grounded and was towed 
out to mid-channel, when the full force of the flood tide carried the 
float directly up the channel until it was picked up at the end of the 
run. | 
The distance from the Norfolk & Western Railroad bridge to the 
mouth of Scotts Creek is about 2 miles, and the float consumed 
about 64 hours in covering this distance. Had the float kept to the 
channel and received the full force of the ebb tide, it would doubtless 
have continued about one-half mile farther down the river before 
the incoming tide forced it back. Under the influence of the flood 
tide the float covered a distance of about three-fourths of a mile up 
stream in about 34 hours. The actual distance traversed by the float 
was much greater than this because of its going up Scotts Creek, and 
erounding, and the time lost in the slack water over the mud flat 
before it finally grounded would account for an appreciable part of 
the total time consumed. 

2. A float was turned adrift in the Elizabeth River Channel, about 
100 yards below Lambert Point coal piers, about 14 hours before the 
beginning of the flood tide, at 10.35 o’clock on the morning of Novem- 
ber 27, 1914, allowed to drift through the turn of the tide, and was 
picked up about 44 hours afterwards. A sewer, known as the Poca- 
hontas Avenue sewer, empties into Elizabeth River about 1,000 feet 
from the shore, near the outer end of the downstream side of the 
Lambert Point Piers. From observations taken at 30-minute inter- 
vals the float did not progress very far on this tide, as the force of 
the tide had spent itself and the beginning of the flood tide caused a 
period of slack water lasting almost an hour. After the slack period 
the float was swept up the river. Throughout the period of observa- 
tion the float maintained a course through the deep water of the 
channel and exhibited only a slight tendency to drift toward the east 
shore near the end of the run. Under the influence of the last of the 
ebb tide, the float drifted downstream about 350 yards in 14 hours, 
and about 14 miles upstream under the influence of flood tide, in 
about 14 hours. 
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The following observations, made by the Coast and Geodetic Sur- 
vey, also show approximately the current flow in the river: 


Velocity of tides in Elizabeth River. 


Velocity of tide. 


Period of 
Location. Say ot Date. observa- 
Flood. | Ebb. tion. 
Knots. Knots. Days. 
Oi Civde Line Dede’... fics. 354. A ee. 0.93 1.08 | Mar. 20 to 30, 1911..... 
Channel off mouth of Western Branch..........- - 80 -90 | May 25, 26, 1876....... 1 
Channel off Red Nun Buoy 34. 2. os 22 222. se - 80 12 00") May724, 27,5 18762 cio 2. 1 
Bees ot junction of Southern and Eastern - 50 .70 | May 16, 29, 1876....... 13 
ranches. 
Channel off Eastern Branch, off Old Dominion . 60 60 Ie May 20/21 1876... .2 <2 14 
Dock. 
Eastern Branch, in channel off grain elevator.... . 60 -40 | May 15, 29, 1876. <=... i) 
Southern Branch, in channel off United States . 80 .80 | May 20, 21, 1876....... 14 
Navy Yard. 


Average flood velocity, .72; ebb velocity, .754, or an excess of downward or ebb movement of .034 knot, 
or about .425 nautical miles per day. 


So far as may be determined from these observations and the 
laboratory results obtained, none of the sewage from these commu- 
nities, except that from the Pocahontas outfall at Lambert Point, 
reaches the channel of Hampton Roads from the outfalls on one ebb 
tide, consequently the flood tide carries back into the estuaries and 
up the main channel almost all of the sewage, except such as by 
gradual diffusion reaches the waters of Hampton Roads. Thus the 
harbor is, generally speaking, a collecting basin and disposal plant. 
It is probable that the lower limit for this condition is above a lne 
from the mouth of Tanners Creek to Craney Island, or even higher. 
The sewage thus confined is carried back and forth, either settling 
during periods of slack water or remaining in solution or suspension 
until biological and chemical factors cause its disintegration and oxi- 
dation. The amount of stream flow is small compared with the total 
content of the river bed, and the currents are greatly influenced by 
the direction and force of the wind, locally and in Chesapeake Bay. 
The whole community is only a few feet above tide level, and not 
infrequently the water front of Norfolk is partially submerged by 
extraordinary tides, caused by northeast gales. 

It was decided to defer determinations of oxygen content until 
warm weather. Around the wharves and water front, however, the 
odor and gas formation show evidence of anaérobic action and defi- 
ciency of free oxygen; such evidence was not seen lower down the 
river, nor aboye the upper bridge, across the EHastern Branch. 


SHELLFISH BEDS. 


Southern branch.—Oysters were formerly both grown and floated 
above the navy yard, but this practice has been abandoned. The 
water on ebb tide is highly colored by the waters from the Dismal 
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Swamp Canal. Neither of two samples of oysters taken therefrom 
scored over 14, but of three samples of water one showed B. coli in 
0.1 ¢. c., and two in 1 ¢. ¢. quantities. A large amount of sewage 
enters this branch form the navy yard and training station and from 
the ships at the yard. The taking of oysters therefrom should not 
be permitted. 

Eastern branch.—The oyster beds of this branch extend from above 
the upper or Virginian Railroad bridge to near the head of the branch - 
and into two tributaries, Indian Creek and Broad Creek. Seven- 
teen samples of oysters and 29 samples of water over the beds were 
taken September 28 and October 23, 1914, with the following results: 


Samples of water and oysters. 


Number of samples taken from Eastern Branch of Elizabeth River which scored— 


OVOP" NTS ees te ie eet ce AR OIRO SEEN BRR GANT BY 5 1 

ORs Scape «noses IN deme ee 2B ~ 2 os = ee CT OLS Lege 0 

aUlre? epee. Sige < eet re aks be he fe DSS De Ree 0 

Mase octane PES a See Pa i ae en. Gee eee 0 

SoS. Cid Ge, NES ee AN @ ROOT. AUER 22 Ga 8 ie 0 

§4 . secretes asl. tee sleet. eps 1 “ta 
Geen rege: ener ge eg 9 TOUS. foes et oe ee 47 

Number of samples of water which showed B. coli present in the following quantities: 

dO OLCUE UGE £2... DOR BE RG ML. UA: SP OTALE AO OURG 28, or 96 per cent. 
PG iC.. sage sh wader! . lecemutews dd: bp touere pe 27, or 93 per cent. 
13 RET iy a Pet Spe cee | Sa eS Retaeinepee | et 20, or 69 per cent. 
as a pire et a ripen nae ee yea ela ee oy hee F 7, or 24 per cent. 
ONO ORG a. tee y .e e Oaa ts. ge aa the eae ee een 0, or O per cent. 


Thus of 29 samples of water, only 1 showed B. coli absent in 10 
c. c., and 1 present in that quantity but absent in 1 ¢. c. 

Of two samples each of oysters and water taken from a bed 300 
yards above the bridge, one scored 320 and the second 230 ; while 
both samples of water showed B. coli in 0.1 c.c. This area is within 
the flood tidal radius of large sewers, and oysters therefrom are unfit 
for human consumption, raw or cooked. Prosecution by Federal 
authorities followed the interstate shipment of oysters therefrom. A 
score of 50 was shown by oysters from a bed 200 yards off Kemp’s 
house, near the mouth of Indian Creek, just above the former beds, and 
the lessee was notified by the State inspector to move his oysters. 
Another sample, taken between this locality and Broad Creek, gave a 
score of 50. Thus 23.5 per cent of the oysters scored 50 or more, 
and of the samples taken in Eastern Branch proper, between Broad 
Creek and the bridge, 100 per cent scored 41 or more, and all but 
one scored 50 or more. In two samples of water B. coli were present 
molt. ¢. fhd in all otters in 0,l\c oc. to.0.0d oie Pin peidance 
points strongly to this pollution being of sewage origin, and it is man- 
ifest that such waters should no longer be used as a direct source of 
oysters for food. 
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Of four samples taken in the Branch above Broad Creek two 
scored 41 each, one 32, and one 4, while in the water samples B. coli 
was present in 0.1 c. c. in three samples, and in 10 c. c. but not in 
1c. c., in one sample. Of the seven samples taken in Indian Creek, 
an estuary extending southward for about 14 miles, the one already 
alluded to, from near the mouth, scored 50; two scored 41 each, one 
scored 14, and two scored 5. A great many oysters are planted in 
Indian Creek, and there is some doubt as to whether the pollution 
is from the sewage of Norfolk or from agricultural and stock farm 
wash. The sewage probably reaches at least as far as the bend 
below the bridge. 

Broad Creek is a song estuary reaching northward from above 
and opposite Indian Creek toward the surface ponds from which the 
water supply of Norfolk is derived. There appeared to be few 
oysters in Broad Creek, and of the two samples taken near the en- 
trance and above the Virginia Beach and Cape Henry bridge one 
scored 32, and one scored 23; the water sample with the former 
showed B. coli present in 1 c. c.; and with the latter, absent in 1 c. ¢. 

A study of the results obtained by bacteriological examinations 
and sanitary survey gives convincing evidence that Eastern Branch, 
from its mouth to at least the entrance to Broad Creek, and Indian 
Creek to at least the bridge or curve below are unsafe as sources of 
oysters for consumption raw. The flood current is so sluggish that 
there is doubt that the pollution reaches the prong above Broad 
Creek, or Indian Creek above the narrow curve. Results obtained 
from samples of water indicate considerable pollution everywhere at 
present; the size of the city, and consequently the amount of pollu- 
tion, are increasing, and it will be advisable soon to abandon the 
whole area as a source of oysters to be consumed direct from the 
beds. The area seems to be peculiarly valuable for the growth of 
oysters, and there seems to be no objection to the growing of oysters 
here for transplantation, under supervision, to nonpolluted beds. 

Western Branch.—There are a few scattered oysters on the north 
side of the channel near the mouth of the branch; two samples 
taken from deep water there scored respectively 50 and 5, with 
corresponding samples of water showing B. coli present and absent 
inlc.c. The first beds of consequence lie on the south side of the 
channel, about 14 miles above the entrance. Four samples of 
oysters taken in this area scored, beginning with the sample from 
below, 4, 5, 2, and 0, with B. coli in 1 ¢. ¢. quantities in two out of 
three samples of water. There are extensive beds above the upper 
bridge about 2 miles from the mouth of the branch, in which area 
10 samples of oysters and 9 samples of water were taken. Of the 
oysters, three samples scored 0; two scored 1; three scored 2 each; 
and the remaining two scored 4 and 5 respectively. Of the nine 
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samples of water from over the beds, three were negative for B. colt 
in 1 c. ¢., the largest amount used for them; five were positive for 
this organism in 1 ¢. c., and one was positive in 10 ¢. c., but not in 
1c.c. The total bacterial count at 20° was 100,000, or more, for 
all except one of the samples of oysters, which count was 4,400. 
A higher B. cols content was expected from oysters in this area, as 
large piles of manure were seen upon the nearby fields and the 
land around the branch is one of the most intensively cultivated 
areas in this great trucking section. It is probable that little if 
any sewage from Norfolk reaches the upper beds of Western Branch 
until after a considerable interval, in which high dilution has occurred; 
but it is certain that the lower beds are not safe as a direct source 
of supply for oysters to be eaten raw. 

‘Paradise Creek” and ‘‘The Hague” are small coves or estuaries 
which discharge into the Elizabeth River from the east, separating 
the older portion of Norfolk from Atlantic City, a suburb on the shore, 
and from Ghent, a fashionable residential section. Paradise Creek 
runs for a mile or more through the city and is virtually an open 
sewer, in fact both estuaries receive a large amount of direct sewage. 

A few large fat ‘‘cove” oysters grow in this area, and tongers 
were seen tonging them. The sale of such oysters is dangerous, and 
it would seem that ordinary police measures could stop the taking 
of shellfish from this area. A small natural oyster area, known 
locally as Joshuas Rock, exists on the east side of Elizabeth River 
below Fort Norfolk; no bacteriological determinations are needed 
to give evidence as to the unfitness of such oysters for food. The 
area west of the main channel of Elizabeth River and opposite 
Lambert Point piers, from Lovetts Point to Craney Island, was’ for- 
merly an extensive and valuable oyster bed. A large copper smelter 
on Lovetts Point has been the subject of much litigation, planters 
having sued for damage to their oysters. 

At the time when samples were taken in this area (October 1, 1914) 
there were few oysters on the beds. The oysters collected were 
somewhat greenish, in the bodies as well as gills, and one or two 
had an ulcerous condition: unfortunately these samples were 
destroyed before laboratory study could be made as to the nature 
of the trouble. Of the eight samples each of oysters and water 
examined, one scored 32; two, 14 each; two scored 3; one scored 1; 
and two scored 0. Fifty per cent of the water samples gave B. coli 
present in 1 ¢.c. The total bacterial counts here were quite large. 
The dilution in this area is considerable; but undoubtedly some 
sewage from Norfolk and Portsmouth reaches these waters within 
one ebb tide, and they should not be used as a source of oysters 
consumed raw. Determinations made in the Hygienic Laboratory 
showed the copper content not to exceed the normal proportion 
in average oysters from other sources. 
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The area east of the channel of the Elizabeth River, from Lambert 
Point coal piers to the mouth of Tanners Creek, constitutes a very 
prolific oyster growing area, most of which is public grounds, some 
private beds being located near the mouth of the creek. Into the sec- 
- tion near the pier head the sewage is discharged from the large Poca- 
hontas Avenue sewer, previously described. Of 19 samples of oysters 
and 18 samples of water taken with them from this area, 1 scored 
140, with the water showing B. coli in 1 ¢. ¢.; 1 scored 41, with 
~ B. coli in 1 ¢. c. of water; 4 scored 32, with one sample of water 
showing B. coli absent in 10 ¢. ¢., in 2 samples present in 10 ©. ¢., 
and in 1 sample present in 1 ¢.c. Two samples of oysters scored 
23, with water showing B. coli in 1 ¢. c. The remaining samples 
gave scores of from 14 to 3. Of 21 samples of water, 1, or 5 per 
cent, showed abscence of B. coli in 10 c. ¢.; 19 samples, or 95 per 
cent showed B. coli present in 10 c. ¢.; 10 samples, or about 50 per 
cent, gave B. coli in 1 ¢. ¢.; and 3 samples, or 14 per cent, gave 
B. coli absent in 1 ¢. ¢., no larger quantity of these 3 samples 
having been used. 

These results were rather surprising, as a heavier pollution in this 
area was expected. It will be seen upon inspection of the map that 
all except one of the oyster samples which scored 32 or more were 
near the edge of the main channel, the exception having been taken at 
the entrance to Tanners Creek. The samples taken between the 
shore and the sewer outfall all show a low score. It is possible that 
the results may have been due partly to the location of the sewer 
outfall near the channel and pier heads; during ebb tides the inner 
beds are in the lee of the filled land and pier heads, hence the water 
is almost tideless except for a drainage directly toward the main 
channel at the pier head. On flood tide the effluent is pushed shore- 
ward and, eventually, out along the bulk-head toward the channel. 
The group of samples taken on the rock just south of the pier heads 
seem to point to this conclusion, though part of the pollution here 
doubtless comes down the channel from Norfolk. Dilution, undoubt- 
edly affects results in this region; the river between Lambert and 
Lovetts Points is at least 1 mile wide, with a broad, deep, channel, — 
and gradually broadens to over 14 miles at Craney Island, where the 
enormous volume of water from the James River joins that from the 
Elizabeth River. 

The State of Virginia several years ago forbade the taking of oysters 
for sale as food from this area above a line from Craney Island Light 
to a buoy off the mouth of Tanners Creek; but, so far as observed, 
there had been no enforcement of the law, and tongers were observed 
daily all over the forbidden area, including the highly-polluted section 
near the pier heads. Despite the dilution, this area is dangerous, 
and shellfish should be taken only under such constant direct super- 
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vision as will insure transplantation, for cleansing, in unpolluted 
waters. 

Tanners Creek, as previously described, discharges into Elizabeth 
River at its mouth, 14 miles north of Lambert Point. 

The north, or Norfolk, shore is being rapidly populated and con- 
siderable sewage is discharged on that side; the amount of dilution, 
however, is very great and of thirteen samples of oysters taken therein 
only three gave a score as high as 32; of these one was taken just 
inside the entrance, one down the southern prong near a public 
park and sewer outfall, and one inside the entrance in the southern 
prong. One sample of oysters scored 14, and the nine remaining 
samples less than 5 each. Two samples of water from the vicinity 
of the bridge near the junction of the prongs showed B. coli in 0.01 
c. c.; eight in 1 ¢. c.; two, near the mouth, in 10 c. c., but not in 1 
ce. c.; and one, from near the mouth, gave B. coli absent in 10 c. c. 
Both samples of water taken from the bed off the Country Club 
showed B. col in 1 ¢. c., but the oysters scored only 3 and 4. 

There is a constantly increasing danger in oysters from the upper 
end of the creek, as a result of increasing pollution; but the lower 
beds, except in the immediate vicinity of outfalls, are believed, at 
least at present, to be safe and suitable for oyster beds. 

Taking Elizabeth River and its branches as a whole the results may 
be summarized as follows: 

Of 101 samples of oysters, the following number and per cent 
gave scores of: 


Score: Number. | Score: Number. 
Over 50. q bili ..itl2o a0. ABS Lote 13 
OS ath alae eee p ste ee 4 Cy FER Seer gee TO Fo gt Dal 8 Lb 14 
LS SRE ie Na pee at rg Me 8 ODED a 75 7 Sees. Ecler, Sate ttore. Seeee Ae 8 
Doi ak Mo abet ines, fod Oak ete eae 10 Deseo oekka.« SER! ot See ee 7 
23 S Ee. acannon teats. ee 14 
14 8 OAS. VARS. Io, SS 8 


or, 7 per cent scored 50 or more, 14 per cent, 41 or more; 24 per 
cent, 32 or more; and 76 per cent, less than 32. 

Of 131 samples of water, 110, or 84 per cent, gave B. coli in 10 c. ¢.; 
83, or 63 per cent, in 1 c. c.; 31, or 23.5 per cent, in 0.1 c. ¢.; and 
nine, or nearly 7 per cent, in 0.01 dilutions. Eleven samples not 
worked in 10 ¢. c. quantities showed B. coli absent in 1 ¢. c., and one 
not worked in 1 c. c. absent in 0.1 ¢. ¢. 

It should be noted further that these include the comparatively 
unpolluted waters of the Craney Island Flats and Broad Rock, which 
are not properly within the river. Even if there be excluded sam- 
ples from the above area and the 12 samples which were not worked 
in 10 c. c. because of the apparently heavy pollution, and which 


1 Since the examinations by the Service the present State commissioner of shellfish has been energetic 
in preventing the taking of oysters from these and other areas reported polluted. 
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were negative in the lowest dilution used, of the 104 samples from 
all other parts of the Elizabeth River and its branches, 98, or 92 per 
cent, were ee for B. coli in 10 ¢. c.; 78, or 75 per cent, were 
positive in. 1 ¢. ¢.; 31, or 30 per cent, were positive in 0.1 c. ¢.; and 
nine, or 9 per dent, in 0.01 ¢. c¢.; moreover, had more seriples’ been 
beorked in 0.01 dilution: it is probable that a larger per cent would 
have been positive in that small quantity. 


SUMMARY. 


It is obvious from a topographical and laboratory study that the 
waters of the Elizabeth River and its branches, down to the entrance, 
are polluted with sewage, and that the harbor in the immediate vici- 
nity of the water front is highly polluted. 

From a liberal standpoint, based upon probable sewage pollution 
it may be stated that all the waters of Elizabeth River above a line 
drawn from the upper side of Tanners Creek to Craney Island Light, 
all of Eastern Branch up to Broad Creek, Indian Creek to the curve 
below the bridge, Western Branch to at least 14 miles above its 
entrance, Tanners Creek near the shore line and sewer outfalls, as 
well as Scotts, Paradise, and the Hague Creeks, comprise an area 
from which oysters should not be taken for consumption, unless 
previously planted in unpolluted waters until cleansed; there should 
also be included the Broad Rock beds within a few hundred yards of 
the channel. 

From a more stringent viewpoint, based upon possible infectious 
pollution, even the previously excepted areas mustbe included, except 
perhaps the lower end of Tanners Creek, and possibly Western Branch 
above, 2 miles from the entrance. 

Norfolk is one of the great oyster shucking and shipping centers of 
the world; oysters from beds all over the Chesapeake Bay are handled 
there. From a commercial standpoint, the oysters actually taken 
from the Elizabeth River area are not an important factor. So long, 
however, as the oysters from these dangerous areas are allowed to be 
sold by ignorant or unscrupulous men, suspicion will rest upon all 
shipments from the port. 

According to the annual report of the commissioner of fisheries of 
Virginia, during the year ended October, 1913, there were over 1,000,- 
000 bushels of shucked oysters alone shipped from Norfolk, this port 
handling about one-fifth of the annual output of Virginia. He re- 
ports that the oysters came from the seaside, and from the James, 
York, Rappahannock, Potomac, and other waters. 

There seems to have been in the past a lack of concerted action 
between the municipal and State health authorities, the State food 
inspection authorities and the State fisheries commission. The 
prompt and energetic action now being taken by the last two men- 
tioned officials removes the danger. 
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The taking of oysters from polluted areas should be prohibited 
except under constant supervision of some competent authority, and 
under such conditions as will ensure transplantation. Such super- 
vision, to be effective, must include the actual physical presence of 
competent authority at all times; the only other alternative would 
appear to be the destruction of the oyster beds. 


CONCLUSIONS. 


The following conclusions apply to Hampton Roads and vicinity: 

1. State authorities were advised to forbid the taking of oysters 
from certain sections of Mill Creek which showed danger of infectious 
pollution. 

2. As a result of the inspection of the National Soldiers’ Home for 
Disabled Volunteers, located to the west of Phoebus at the entrance to 
Hampton Creek, changes in construction were suggested by Sanitary 
Engineer Hommon of the Public Health Service. It is believed that 
satisfactory results will be obtained upon completion of these changes. 
A sewage disinfection plant was also installed at Hampton Institute. 

3. Evidences of gross pollution were seen at various places in 
Hampton Creek. Oyster beds occupy nearly all of the bottom from 
Queen Street Bridge to the head of the Creek. There was no doubt 
that oysters from this source were unfit for human consumption, 
unless transplanted to waters suitable for self-purification. The 
State authorities were so informed, and all of the beds in the creek 
were condemned. 

4. The Salters Creek outlet is at present a serious menace to the 
continued use of the upper oyster beds of the Hampton Flats, and 
this menace is increasing. If the present method of discharging raw 
sewage from this source be continued, the condemnation of a large 
area of oyster beds will inevitably follow. 

5. In brief, it may be said that all the waters of the Elizabeth River 
from the upper side of Tanners Creek to Craney Island Light, all of 
the Eastern Branch up to Broad Creek, Indian Creek to the curve be- 
low the bridge, Western Branch to at least 14 miles above its en- 
trance, Tanners Creek near the shore line and sewer outfalls, as well 
as Scotts, Paradise, and Hague Creeks, comprise an area from which 
oysters should not be taken for consumption, unless previously 
planted in unpolluted waters until cleansed. Transplanting can be 
carried on safely only under supervision consisting in the actual pres- 
ence of competent authoritiy at all times. The amount of pollution 
is Increasing, and it will be advisable soon to abandon the whole area 
as a source of oysters to be consumed direct from the beds. 

6. Allshellfish areas in Hampton Roads and vicinity not specifically 
treated in the above conclusions may be considered safe for the pro- 
duction of shellfish, but the study of the area should be continued. 


LYNNHAVEN BAY.’ 


Perhaps the most widely known variety of oysters in the Chesa- 
-peake Bay region derives its name from this peculiar inlet. These 
oysters are connected in the public mind with Norfolk, as they are 
‘shipped through that port and the area is therefore discussed at 
‘this place. It is important’ to bear in mind, however, that the 
waters of the two localities are not connected, save that the ulti- 

mate source of sea water for both is the Atlantic through Chesa- 
peake Bay. 

Cape Henry is the southern point at the entrance from the Atlantic 
Ocean into Chesapeake Bay. From Cape Henry the shore grad- 
ually recedes in a gentle curve southward for 5 or 6 miles, thence 
northward to Willoughby Spit, which marks the southern point of 
the entrance to Hampton Roads. The main channel from the ocean 
into the bay hugs this southern shore for several miles. The area 
of Chesapeake Bay south of the channel, partly inclosed by this arc, 
is known as Lynnhaven Roads and is a well-known anchorage for 
large vessels, such as battleships. 

The shore line around Cape Henry is marked by sand dunes, or 
hills, which by reason of their boldness and unusual height (80 feet) 
show conspicuously. Inside this range the land is lower and there 
are many ponds, from some of which the water supply of Norfolk is 
in part obtained. Some of these were formerly connected with the 
bay by narrow inlets. About 4 miles westward of Cape Henry, a 
narrow and shallow inlet, Lynnhaven Inlet, leads from Lynnhaven 
Roads into Lynnhaven Bay, a shallow body of water which extends 
in a southeasterly direction for about 3 miles, gradually narrowing 
from its original width of about half a mile. A short distance from 
the entrance another prong, the upper end of which is known as Old 
Donation Creek, extends 3 miles southwesterly. Immediately inside 
the inlet there is a narrow channel, about 100 feet wide, which extends 
eastwardly immediately behind the shore dunes to end in an expan- 
sion known as Broad Bay, and this again is connected with a two- 
pronged body of water about half a mile wide and 2 miles long, known 
as Linkhorn Bay. A large part of the bottom is mud; all of the 
water is 5 feet or less in depth, and much of the area is bare at low 
tide. 

The salinity of the water in different sections of this area varied 
from 1.0180 to 1.0165, and the temperature varied about 1° C.; itis 


ee ee ner 
1 See map No. 16 of Norfolk and vicinity. ia 
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thought these variations may be due to springs similar to those which 
supply the ponds to the westward. The drainage area is small and 
rather sparsely settled, and a part is cultivated. There are a few 
privies near the shore line. So far as could be ascertained the only 
direct pollution is from a club or pavilion and residences on the ocean 
above Virginia Beach, the sewage from this source being discharged 
untreated into an upper prong of Linkhorn Bay. 

Nearly every available square yard of the area is used for oyster 
culture, as the oysters from Lynnhaven always command very high 
prices. It is stated that the method adopted by the best planters 
is to grow oysters in Broad and Linkhorn Bays, and then place them 
on layings in Lynnhaven Bay or Old Donation Creek to fatten and 
receive the peculiar flavor of the locality. Oysters are now, in some 
instances at least, brought from other localities for that purpose. 
No dredges are used, the oysters being carefully handled with small 
nippers or picked by hand. 

At the time samples were collected a heavy northeast gale with 
rain prevailed. Eleven samples of oysters and 10 of water were 
collected, the majority of them from points near dwellings on shore. 
Of the oyster samples, 1 scored 41, 2 scored 32, 4 scored 23, 2 scored 
14, and 2 scored 5 each. The total counts of shell liquor at 20° 
were rather high, varying from 50,000 to 800,000. ‘Two samples of 
water showed B. coli absent in 10 ¢. ¢., 2 present in 10 c. c., but not 
in 1c. ¢., and 6 present in 1c. c. The 37° bacterial counts of the 
water were all under 50, except one from the entrance to Broad Bay, 
which was 165. The oysters which scored 41 came from the same 
locality; these samples were taken a few feet from shore. 

The amount of sewage which enters the Lynnhaven waters is very 
small, the dilution by water, practically from the ocean, is enormous 
and care seems to be taken by the planters to void pollution. It 
was stated that oystermen are not allowed to void their discharges 
overboard but compelled to go ashore. While it is true that practi- 
cally no sewage is discharged into Linkhorn Bay during the oyster 
season and little at any time, and while it is stated that this area is 
used for seed purposes only, no condition which presents even the 
possibility of pollution should be allowed to exist as a menace to 
such a valuable source of wealth. The proper authorities, either 
local or State, should prevent any pollution from entering these 
waters. The oysters from Lynnhaven are now safe and free from 
infectious pollution. 


GENERAL SUMMARY. 


_ The objects of this investigation have been to find out if there were 
in Chesapeake Bay or its tributaries polluted areas from which shell- 
fish were being taken; and if so, definitely to locate them and to 
inform the local, State, and United States authorities of the condi- 
tions. It has also been desired to point out, if practicable, the remedy. 
~The conditions found have in general been good, and the results 
so far obtained are valuable and encouraging. 

In Chincoteague Island, from which place alone between 300,000 
and 500,000 bushels of oysters and several million clams are shipped 
annually all over the country, a condition was found which was 
particularly dangerous and must eventually have resulted in disaster. 
These conditions were remedied, and if the State authorities continue 
the inspection work, improvement in the health of the community 
itself will follow. 

In Hampton Creek conditions existed which were intolerable; 
cases of illness have doubtless been caused for years by eating oysters 
from the creek, and the shipment of a few oysters from the 57 acres 
of beds in the creek imperiled the whole industry of the section. In 
Mill Creek similar conditions existed and shipments were being made 
freely from both creeks, in spite of a condemnation of the area several 
years ago by State authority. As a result of this investigation, the 
Federal and State Governments have taken joint and effective action 
to prevent such shipments and the communities have taken steps 
both there and in Chincoteague toward the installation of sewage- 
disposal systems. It is believed that oysters now shipped from this 
section are safe. 

In Annapolis Harbor, and especially in Spa Creek, conditions were 
found similar to those in Hampton. Officers of this service detected 
shipments of oysters from Spa Creek and it was reported to proper 
authorities. In Norfolk Harbor certain beds used were found dan- 
gerously polluted and the State and Federal authorities notified. 

Eleven hundred and sixty-six samples of shellfish were collected 
irom the waters investigated, including 428 samples in the Potomac 
River, of which 34, or about 3 per cent, were found to contain a 
sufficient number of B. coli to give a score of 50 or more. At present 
50 is generally considered the limit of safety from the bacteriological 
standpoint. (See table, end of report.) 

While the figures are correct, however, the inference naturally 
drawn from this statement alone would convey a very erroneous 
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impression as to the sanitary conditions in the area. Manifestly, in 
an investigation of this kind it would have been misdirected energy 
to have spent time and money in collecting as many samples from 
those beds on the ocean side and in the open waters of the bay 
which observation and experience showed free from danger as from 
the areas which a superficial survey showed liable to infectious pollu- 
tion. It would have been useless, for example, to have studied the 
65,000 acres of oyster beds in the open waters of Tangier Sound as 
intensively as the small areas in Elizabeth River or Severn River, 
Maryland. An opinion, therefore, based upon the percentage of 
samples found polluted is not justified. 

A more nearly correct idea of the conditions is conveyed by the 
statement that of the 400,000 or 500,000 acres of shellfish-producing 
areas in the waters of Maryland and Virginia, about 2,000 to 2,500 
acres, or one-half of 1 per cent have been found polluted. But it is 
not to be understood that the whole, even of this polluted area, is 
used for the production of oysters; a large portion has been volun- 
tarily abandoned by lessees; the enforcement of laws prevents the 
taking or shipment from other sections, and there remain compara- 
tively small dangerously polluted sections from which shellfish are 
taken. The problem, therefore, is to prevent further pollution, and 
to insure freedom from pollution of all oysters taken from the waters 
of Maryland and Virginia by preventing the taking of oysters from 
these small and comparatively unimportant beds. 

By reason of the interstate character of this industry and its bear- 
ing on the spread of infectious diseases from one State to another, it 
is an essential function of the Public Health Service to determine dan- 
gerously polluted areas, and authority should be granted to control 
such pollutions so far as relates to interstate commerce. 

It is the duty of State and local health authorities, on the other 
hand, to protect their own citizens by also preventing pollution, or 
where this is impractical, by stopping the collection of shellfish from 
infected areas. It is the function of these authorities furthermore to 
prevent the infection of shellfish after they are taken by compelling 
sanitary conditions in shucking houses, and especially in retail estab- 
lishments and restaurants. The problem of control from oystermen 
to consumers, therefore, is one requiring cooperation on the part of 
local, Federal, and State authorities. 

The principal problem is how to prevent absolutely the taking of 
oysters from beds which have been condemned. That the mere for- 
bidding or prohibition by law of such a practice does not insure pre- 
vention may be illustrated by the Lambert Point and Spa Creek 
incidents. Official supervision must be maintained over such beds. 

There is no reason from a sanitary point of view why oysters may 
not be grown in polluted areas if they are afterwards transplanted to 


POLLUTION OF TIDAL WATERS OF MARYLAND AND VIRGINIA. 127 


nonpolluted water and allowed to remain until free from pollution. 
Unless accompanied by actual constant supervision, however, permis- 
sion for such transplantation is liable to abuse, in fact, is certain to be 
abused. It has been suggested that such transplantation might be 
allowed during the summer or closed season only, and the suggestion 
is a good one; the only alternatives are the prevention of the gather- 
ing of the oysters as above mentioned, or the destruction of the beds 
by State authority with sale of the oysters for transplantation in case 
of public grounds. 

Although the protection of the public health is the most important 
ground for the control of the oyster industry, nevertheless, from an 
economic standpoint, the States mentioned owe to their citizens the 
duty of protecting from pollution valuable beds in danger of being 
rendered unnecessarily valueless. 

The State of Maryland has laws authorizing the State department 
of health to direct and regulate the construction of sewage disposal 
plants where necessary for the prevention of pollution. Although 
more vitally affected than any other State by injury to her shellfish 
industry, and despite the millions of dollars brought into the State by 
this industry, Virginia has no laws regulating the pollution of her 
water. The necessity of such legislation has previously been urged 
by the writer. Unless it is secured, the destruction of many shellfish 
beds in Virginia will be inevitable, and such legislation is again recom- 
mended. 

Under present conditions, the oysters of Chesapeake Bay and its 
tributaries are a safe food as a whole, and it should be the aim of 
Maryland and Virginia to conserve and increase this great source of 
wealth of their people. : 
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ROYAL SANITARY INSTITUTE 


LIBRARY REGULATIONS 


1. Books may be borrowed by Fellows, Members and Associ- 
ates personally or by a messenger producing a written order. 
The person to whom books are delivered shall sign a receipt 
for them in a book provided for that purpose. 


2. Books may be sent through the post, or by some equivalent ~ 
means of carriage, upon a written order. All charges of carriage 
to the Institute shall be defrayed by the borrower. 


3. A borrower may not have more than three volumes in his 
possession at one time. 


4. A borrower will be considered liable for the value of any / 
book lost or damaged while on loan to him, and if it be a separate 
volume, for the value of the whole work rendered imperfect. 

Marking or writing in the volumes is-not permitted, and 
borrowers are requested to call attention to damage of this 
character. 


5. Books may be retained for 28 days. Periodicals may be 
retained for 14 days. Applications for extension of the loan 
period must be made in writing before its expiry. No book 
may be kept longer than 3 months. 

New books will not be lent until after the expiration of one 
month from the date of their having been received by the 
Institute. The current number of a periodical may not be 
borrowed. 


6. Borrowers retaining books longer than the time specified, 
and neglecting to return them when demanded, forfeit the 
right to borrow books until the volume or volumes be returned, 
and for such further time as may be ordered. 

Any borrower failing to comply with a request for the return 
of a book shall be considered liable for the cost of replacing the 
book, and the Council may, after giving due notice to him, 
order the book to be replaced at his expense. 

No volume may be reissued to the same borrower until at 
least seven days have elapsed after its return, neither may it 
be transferred by one borrower to another. 


7. Books may not be taken or sent out of the United Kingdom. 


8. Volumes returned through the post must be securely 
packed in a box, or otherwise protected. 


Parcels should be addressed : 
| THE ROYAL SANITARY INSTITUTE, 
90, BucKINGHAM PALACE ROAD, 
Lonpon, S.W.1. 
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THE ROYAL SANITARY INSTITUTE LIBRARY ¥ 


Conditions for Loan of Books and Periodieals 


(1) Books may be retained for 28 days. Periodicals may be 


retained for 14 days. Applications for extension of the 


loan period must be ‘made in writing before its expiry. 


(2) Books must be kept clean and protected from damage. 
Pages must not be turned down ; pencil or other marks > 
must not be made. Borrowers are liable for damage done to _ 
books; they should, therefore, examine books when | 
received and call attention at once to any existing damage. 


‘This book is returnable on or before the last date Marked below. 
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